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ATTENTION 


BY KARL M. DALLENBACH 
Cornell University 


As in the recent summaries of the work on attention,’ the studies 
reviewed here will be classified under four headings: (1) studies con- 
cerned with the definition and fundamental nature of attention; 
(2) studies of some special aspect of attention, e.g., range, conditions, 
fluctuation, levels, measurement, etc.; (3) studies of attention in rela- 
tion to other phenomena; and (4) technological, or practical, studies. 


1. DEFINITION AND FUNDAMENTAL NATURE 


(a) General. Wolf (36), professor of logic and author of “ The 
Oldest Biography of Spinoza,” writes the article on Attention in the 
14th edition of the Encyclopedia Britannica. His treatment is wholly 
inadequate ; it betrays no knowledge on his part of the recent work 
and thought upon the subject. In defining the term he distinguishes 
between two uses : “ in the narrow sense, which coincides with popular 
use, it means the mental process by which some object comes to be 
apprehended more clearly than before it was attended to; and in the 
wider sense, it denotes the mental processes in virtue of which any- 
thing becomes an object of consciousness at all as compared with the 
multitude of stimuli which never find entry into consciousness; 
although they are within reach of the observer.” After illustrating 
briefly what these definitions mean, he discusses the conditions, kinds, 
duration, span, and abnormalities of attention. As his treatment of 
these special aspects is reported below under the proper headings, 
comment will be reserved until then. We may note here, however, 


+ This Butzerin, 1926, 23, 1-18; 1928, 25, 493-512. 
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that his references at the end of the article are limited to James’ 
Principles, Pillsbury’s Attention, Stout’s Manual, and Ward’s article 
on Psychology in the 1918 edition of the Encyclopedia Britannica. 

Ford (10) proposes a definition of attention in terms of behavior. 
He suggests that attention be regarded as the antithesis of automatiza- 
tion, and as the “ name for the beginning of a synthesis of reactions 
to a novel environmental pattern.’’ His definition is not, he feels, 
antagonistic to the descriptive account of attention, but supplementary 
to it, because the codrdination of reactions—or rather the lack of it— 
“ seems to have certain signs which resemble the conditions described 
by past workers . . . as attention.” He points, in support of this 
definition, to the results of the experiments on distraction. Dis- 
tractors at first attract attention—that is, initial reactions under dis- 
traction are highly susceptible to interference from the new and 
hitherto unexperienced stimulus-combination—and the efficiency of 
the work performed is lowered. With the lapse of time the distractors 
lose their effectiveness and are not attended to—that is, the reactions 
are so closely integrated that they are capable of resisting interfer- 
ence—and the efficiency of the work is not affected. Ford obtains 
further evidence for this thesis from his own experiments upon 
distraction. 

The difficulty with Ford’s concept is that his definition of attention 
is limited to attention multiply determined, i.e., to secondary or volun- 
tary attention. His definition is not applicable to attention singly 
determined, i.e., to primary or involuntary attention, or to attention 
habitually determined, i.c., to derived primary or nonvoluntary atten- 
tion. From a descriptive point of view, there is no difference between 
these three types or kinds of attention. Ford’s attempt to define 
attention in behavioral terms must, therefore, be marked down as a 
failure. 

Sen Gupta (27), after examining briefly the different theories 
of attention and finding them all wanting in some respect, advances 
a theory (which he traces to Sully, Stout, and Shand) that attention 
is “a process of organic adjustment—peripheral and central—which 
secures the perseveration of experiences” (p. 163). He bases his 
theory upon the attribute of duration, and calls it “the perseveration 
theory of attention.” This theory, too, fails to take account of 
primary and derived primary attention (involuntary and nonvolun- 
tary), besides imperfectly explaining secondary attention (volun- 
tary). While it is an interesting attempt to describe attention in 
terms other than ‘clearness,’ yet, since attention does not show an 
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invariable relation with duration, it was doomed to failure from 
the outset. 

Rodrigue (26) writes of attention as an activity of the will, being 
closely related to curiosity, and directed by imagination and reason. 
His exposition harks back to faculty psychology. 

Boutan (3), in his principal experiments, attracts the attention of 
a prosimian (Lemur macaco L.). Because the animal showed evi- 
dence of fatigue when it had done no active labor, and since certain 
of the animal’s reactions (regarded by many as manifestations of 
attention) were essentially of a reflex nature, Boutan decides that 
w there is a difference between attention and alertness. He includes the 
intellectual reactions under the former, and the mass of unintellectual 
reactions under the latter. Attention is, therefore, for him an 
intellectual activity. 

(b) Kinds. According to Wolf (36), attention may be classified 
either upon the basis of the kind of object attended to (¢e.g., sensorial 
and ideational attention), or upon the basis of effort exerted (e.g., 
spontaneous, voluntary, and involuntary). The more important and 
less inconsistent principles of classification are ignored. 

Dobrinin (9) writes in Russian upon the question of types of 
attention.” 

(c) Clearness. The effect of the mental proce%ses by which we 
attend is, according to Wolf (36), to render the objects apprehended 
more clear. For Sen Gupta (27), however, clearness is not an essen- 
tial feature of attentional experience. 

(d) Duration. Sen Gupta’s (27) perseverative theory of atten- 
tion, discussed above, is based upon the attribute of duration. 



























2. SpecrAL ASPECTS 











(a) Range. After an historical review of the traditional ‘ range 
of attention’ experiment, Glanville and Dallenbach (13) raise the 
issue whether ‘range’ is a proper question to set to attention. In 
one series of tachistoscopic experiments, they endeavored to escape 
the cognitive complications of the traditional experiment by instruct- 
ing the Os, who had been trained in the observation of attensity (i.<¢., 
















2As the Russian language does not fall within the competency of the 
reviewer, and as a search in the French and German periodicals did not reveal 
a review of this or of the other Russian articles listed in the bibliography below, 
the mere mention of the Russian articles by title must suffice. It is a great pity, 
however, for many interesting and important facts are doubtlessly thus closed 
to us. 
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attributive clearness), to report merely upon the distribution of clear- 
ness during the moment of the exposure (1.e., whether it was of one, 
two, or more levels). To determine how the range of report is 
affected by degree of cognition, they instructed the Os, in other 
experimental series, to report the number of stimulus-objects appre- 
hended, to name the stimulus-objects apprehended (familiar and 
unfamiliar), or to describe the stimulus-objects apprehended. In the 
first series, number of stimulus-objects was found not to be a condi- 
tion of the attentive distribution of consciousness. In the cognitive 
series, ‘ range,’ defined as number of stimuli which has a probability 
of 50 per cent of being correctly reported, varied inversely with 
degree of cognition and degree of assurance, and directly with kind 
of material, duration of after-image, facility of verbal association, 
and color sensitivity. Since, moreover, clearness did not invariably 
correlate with fullness or accuracy of report, the authors conclude 
that “ questions concerning the number of contents or part-contents 
that may be simultaneously experienced are questions, since cognition 
is inherent in report, that concern cognition and not attention.” 

This study also verified the three conscious patterns first described 
by Oberly. In the ‘immediate’ type, the reports are immediately 
returned. In the ‘mediate’ type, the reports are mediated by 
re-imaging or other ancillary processes. The ‘immediate’ type is 
divided into two subtypes: the impressions are apprehended either as 
separate units, or as groups. In accordance with Dallenbach’s criti- 
cism of Oberly’s “transformation” of these patterns,’ they are 
termed ‘ unit,’ ‘group,’ and ‘ mediate’ apprehension. 

This terminology was accepted by Brown (4) in her study of the 
effect of homogeneous and heterogeneous chromatic stimuli on the 
range of ‘unit,’ ‘group,’ and ‘mediate’ apprehension—thus ending 
a controversy of several years. She cut dots, 6.5 mm. in diameter, 
from yellow, blue, red, and green Hering papers, and pasted them on 
white cards. In three series of cards the dots were homogeneous in 
quality; in four, heterogeneous; and in every series were twelve 
cards with from 3 to 14 dots. The cards were exposed for 37.5, 
in haphazard order and by means of a Whipple tachistoscope, 50 
times each to two Os and 100 times each to three Os. The Os 
reported the number of dots seen, the degree of assurance (on a 
5-point scale) of their judgments, and the method of determining 
their reports (‘ unit,’ ‘group,’ or ‘mediate’ apprehension). Judg- 


8K. M. Dallenbach. Dr. Oberly on “The Range for Visual Attention, 
Cognition, and Apprehension.” Amer. J. Psychol., 1925, 36, 154-156. 
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ments with assurance of less than 3 (the certainty of a “ 1 to 1 bet”) 
omitted. The limens, computed by the method of constant stimuli, 
are largest for ‘mediate’ apprehension, intermediate in size for 
‘group’ apprehension, and smallest for ‘ unit’ apprehension ; largest, 
again, for the homogeneous green, blue, and red series, and smallest 
for the homogeneous yellow series and the heterogeneous series con- 
taining yellow. In spite of the anomalous réle of yellow, Brown 
concludes that “heterogeneity of chromatic stimuli tends . . . to 
reduce the magnitude of the limens for each of the three cognitive 
patterns.” 

Though studies on ‘ range of apprehension’ do not, as Glanville 
and Dallenbach’s results show, properly belong to the topic of atten- 
tion, we nevertheless mention them here for historical reasons. 

Crosland and Johnson’s (6) study on range of apprehension is 
mistitled. The authors are not interested in the question of range 
(they do not even compute constants for their Ss), but in determining 
how legibility of printer’s type is affected by inter-letter hair-spacing 
and by the characteristics of individual letters—a topic still further 
removed from the scope of this review. We must note, however, 
their use of the technique of the traditional range-of-attention experi- 
ment, and their assumption of an invariable relation between report 
and legibility—an assumption disproved in range-of-attention experi- 
ments of the past decade. The conclusions regarding legibility are, 
therefore, unwarranted inasmuch as they transcend the results. 

One result of this study, that “the percentage of letters correct 
in all respects decreases gradually and consistently from left to 
right,” is favored, as Tinker points out, by the use of letter-series of 
various lengths (from 3 to 12 letters), “for responses are more 
uniformly correct with shorter series.”* Crosland (5) wrongly 
interprets this comment as a criticism, as Tinker (30) shows. 

Tinker, Roberts, and Jackson (31) study the relative efficiency 
of apprehension with definite and indefinite preparation. After prac- 
tice with a definite preparatory signal of 2 sec., they determined the 
range of apprehension with a definite preparation of 2 sec., and an 
indefinite preparation of 2, 4, 8, 12, 16, 20, 24, and 32 sec. Com- 
putation revealed no reliable differences between spans with definite 
and indefinite preparation, nor with the various indefinite preparatory 
intervals. 

Wolf’s (36) answer to the question of range is “one.” “ When 


*M. A. Tinker. Visual Apprehension and Perception in Reading. This 
Butietin, 26, 1929, 227. 
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objects . . . are exposed for a small fraction of a secon. 

as a rule only one object is apprehended.” If he were writing ¢ 
attentive distribution of consciousness, the reviewer would 2e 
with him; but he is not. He is referring to the traditional i- 


ment; and there he is in error, as Hamilton’s experiments th 
marbles, Jevon’s with beans, and Cattell’s with lines, letters, «. ts, 
etc., and numerous later experiments repeatedly demonstrate. 

Gundlach, Rothschild, and Young’s (14) study may be mentioned 
because of its use of the method of the ‘ range of attention ’ experi- 
ment. Ten small electric lamps, arranged at equal int’ 1s around 
the circumference of an 18-in. circle, were flashed, in bers from 
2 to 9, at different rates. Immediately after the presentation, the Ss 
(grammar school, high school, and university students) pointed to 
the lights in the order flashed. Accuracy of response varied with 
age, practice, and speed of presentation—results comparable to those 
previously obtained in this field. In their analysis of the functional 
processes involved, the authors say that they have ignored the tradi- 
tional concepts of ‘attention,’ ‘apprehension,’ and ‘memory-span,’ 
because these concepts “too frequently serve to cover up ignorance 
and to obscure problems.”” They imagine that “the concept of ‘set’ 
has an advantage over these terms.’ With this point of view the 
reviewer finds himself in disagreement. The concept of ‘set’ is in 
a sorrier plight, as the authors themselves show by giving four very 
different meanings of it, than any of the “ traditional concepts ” that 
they reject. 

(b) Conditions. Wilcocks (35) undertakes to demonstrate “ that 
what is heterogeneous, in some respect or other, with the simultaneous 
or the more immediately foregoing contents of consciousness 
attracts or holds attention,” i.e., that change is a condition of atten- 
tion; and to test the validity of Selz’s laws that attention is attracted 
by mere difference (Distinktionsbeachtung) and by unexpected and 
opposing difference (Widerstreitsbeachtung). To measure the effect 
of change upon attention by the accuracy of report, the color of one 
member of the stimulus-series is changed unexpectedly, an old mem- 
ber is replaced by a new member, one member is moved sudder © or 
one member is stationary while all the others move. All of these 
experiments show a “markedly increased memory effect for a 
heterogeneous content unexpectedly introduced among a group of 
otherwise homogeneous content,” and Wilcocks interprets this 
increase “as being due to a superior degree of attention having been 
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aha Ro the heterogeneous content” (p. 280), and as effects occur- 
tip? ty agreement with Selz’s laws. 

"3° ‘measure the effect of change upon attention by reaction-time, 
a . “noise, sounding while S is performing simple reactions, is sud- 
de if ‘interrupted, the color of the reaction-stimulus (one of 4 or 12 
sits’("taneously exposed letters) is unexpectedly changed, or the color 
of the reaction-stimulus (one of 4 simultaneously exposed letters) is 
the only one not changed. 

The cessation of the noise lengthened the reactjo,-time, cor- 
roboratin; "the influence of an unexpected heterogeneity in drawing 
attention.” "he other results, however, are equivocal ; when a change 
is introduced, the reaction is sometimes lengthened, and at-other times 
shortened. To explain these exceptions to Selz’s laws, Wilcocks 
develops a theory “ resting, in part, on a hypothesis stated by Hen- 
ning with regard to an accumulation of energy, in a limited area, 
consequent on the temporary inhibition of one excitation by another 
not congruent with it.” His results and the theory he bases upon 
them involve the gratuitous assumption that retention and reaction- 
times measure attention. 

Friedline and Dallenbach (11) investigate distance from the point 
of visual fixation as a condition of attention. The attentional value 
of the different distances of two stimulus-objects, alike in every other 
respect, is determined by the intensity at which the two objects are 
reported equally attense or clear. The results, calculated by the 
method of constant stimuli, show that stimulus-objects near the point 
of fixation have an attentional advantage over objects further 
removed, and that stimulus-objects to the left of fixation have an 
advantage over those placed symmetrically to the right of fixation— 
thus corroborating earlier results that position is also a determinant 
of attention. 

' Glanville and Dallenbach (13), in the study reported above, indi- 
cate (p. 216) that quality of post-exposure-field, i.e., whether light or 
dark, conditions attentive distribution. 

Wolf (36), following tradition, classifies the conditions of atten- 
tic \ “Hs objective and subjective. The objective conditions are 
intensity, volume, duration, and novelty. The student of attention 
will be surprised to see novelty in this list until he discovers that Wolf 
uses that term, not in the accustomed sense of new, strange, or 
“ unusual, but in the sense of change. The subjective conditions, which 
“turn mainly on the momentary preoccupations or the permanent 
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interests of the individual mind,” are idea in mind, attitude, and 
previous training. 

Under this heading belongs also Tassy’s (29) short paper on the 
natural stimulus for attention. 

(c) Fluctuation. In the face of recent experimental work upon 
fluctuation of attention, Wolf (36) dogmatically states that we “ can- 
not attend to a single thing for more than about a second without 
serious risk of falling into a hypnotic trance or similar pathological 
condition.” There is not an iota of evidence for that statement. It 
is a pity that so much misinformation is given in an article that is 
supposed to be authoritative. 

Dobrinin (8) writes a monograph upon the fluctuation of 
attention. 

(d) Levels. In Glanville and Dallenbach’s (13) tachistoscopic 
study of the range of attention reported above, the Os were directed 
in the first series of experiments to report merely the attensity of 
their experience during the moment of exposure. Though the multi- 
level type of consciousness was tacitly assumed and even suggested 
in the instructions, it was not reported a single time by any of the Os. 
Their reports show that their experience during the moment of 
exposure was divided into two levels of attensity: a clear focus and 
an obscure background (p. 213). ; 

Five Russian articles deal with concentrated attention. Birsin (2) 
writes on the effect of muscle-training upon the capacity of concen- 
trated attention; Bekhterev (1) considers the rdle of concentration 
ia the process of associative-reflex activity ; Ilyinski (16) investigates 
the physiology of concentration; Livshina and Shriftsetzer (17) deal 
with the group reaction in concentration of children of preschool age; 
and Oparina (21) reports the effect of disturbances of the functions 
of the central nervous system upon children’s concentration. 

Ilyinski (16), according to Shnirman’s review,° uses a variation 
of Bekhterev’s reflex method, and shows that concentration should 
not be regarded as a separate brain process, but as a differentiating 
activity of the perceptive part of the associative-reflex arc. 

(e) Measurement. Wilcocks (35), in the experiment reported 
above, makes no attempt to justify his use of reaction-time as a 
measure of attention (probably because it cannot be done), but he 
does attempt to justify his use of memory. “ Since, other things 
being equal, the retention of, and the ability to reproduce, a content 
varies directly with (not, necessarily, proportionately to) the degree 


5A. L. Shnirman. Psychol. Abstracts, 1928, 2, 203 (No. 864). 
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of attention given the content at or after presentation, we are able to 
make use of the memory effect as a measure of the degree of attention 
which the content has had.” But other things are not equal. As 
experiments have repeatedly shown—several of which are mentioned 
in this review—attention and report are not co-variables ; clearness of 
content is only one of a number of factors conditioning report. 

Philip (22) reviews the work that has been done upon the 
measurement of attention, and reports the results of his own efforts 
to devise a battery of tests that will measure attention. The battery 
was developed by experimenting upon 49 men, all senior college 
students, and was standardized by testing 1,600 school children from 
ten to nineteen years old. 

Ford (10) proposes motor tonus as an index of degree of 
attention (p. 32). 

(f) Distraction and distribution. Meisenheimer (19) inquires 
whether “central factors, i.e., associations, always attach themselves 
to the focus of experience’ (Zentrum des Erlebens). He sought to 
test this proposition experimentally by presenting stimulus-objects in 
peripheral vision, and noting how the Os’ descriptions differed when 
attention was directed to, and away from, the objects. He chose 
peripheral vision because object-meanings develop slowly there, a 
favorable opportunity being thus offered for studying the develop- 
ment of meaning and of the conditions underlying it. 

The fixation-point was placed 0°, 3°, 6°, or 12° to the right of 
the exposure-window and at distances of 31.4, 94.2, and 188.4 cm. 
from O. Typewritten digits and Landolt broken rings were 
exposed—but the results with the rings are not reported because of 
lack of space. The experiments were performed in a dark room, and 
the exposure-field was illuminated by a light which was controlled by 
an electrical key at O’s desk. 

In Part Ia, O was directed to keep his eyes upon the fixation- 
point, but to attend, as a teacher does to a pupil, out of the corner of 
her eye, to the exposure-window, and to report immediately after the 
exposure (the length of which O was allowed himself to determine) 
the course of his experience. An analysis of the reports revealed 
seven steps or levels of cognition. 

Slight changes were made both in apparatus and ‘a procedure in 
Part Ib. A Hipp chronoscope was attached to the electrical key so 
that the time of illumination could be measured; only vhe shortest 
fixation-distance was used. In addition to the instructions of Part Ia, 
O was told to release the key as soon as he perceived a definite object 
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in the exposure window. The time of the first definite impression 
varied greatly for the different Os, but it increased for all with size 
of exposure-angle. 

In Part II, O’s attention was directed away from the exposure- 
window to some other designated part of the exposure-field. Digits 
were exposed in both places, and the Os, most of whom were trained 
in introspection, gave complete reports of their experience. An 
analysis of these reports revealed five descriptive levels: one lower 
than the lowest found in Part I, and the other four agreeing with the 
first, second, third, and seventh steps of Part I. 

The results reveal two facts which Meisenheimer believes to be 
contrary to all the existing theories of attention: (1) attention is 
primarily the experience of a turning-impulsively-upon, with which 
the phenomenological focus co-varies; and (2) all phenomena appear 
for the first time in the focus of experience and are developed only 
there ; but after their first appearance they may be continued outside 
the focus of experience in a wider conscious field and there remain, 
where attention may again be turned upon them. 

The exposition is needlessly complicated by the use of numerous 
arbitrary abbreviations. The provincial nature of the study is shown 
by the fact that every one of the 45 references in the bibliography is 
German. 

After an historical and critical survey (far from complete) of the 
experiments upon distraction, Ford (10) reports experiments of his 
own. His distractors are a phonograph and an automobile horn; his 
measures of the effect of distraction are: (1) efficiency of work, 
measured by time and accuracy of adding a series of single-digit num- 
bers scattered haphazardly in a row of mixed letters, (2) writing- 
pressure, (3) respiratory changes, and (4) vasomotor changes. 

A series of 6-8 control experiments precedes and follows a series 
of 6 distraction experiments. The 6 experiments immediately pre- 
ceding and immediately following the distraction series are used in 
computing the results. There are 17 Ss (Ford says 16, but his data 
show the results of 17) in the experiments with phonographic dis- 
traction, and 41 Ss in those with the automobile horn. The data for 
every position within both the control and the distraction series are 
averaged separately and curves are plotted. The results are: 
(1) initial addition takes longer than any later addition having con- 
stant environmental stimulus-patterns ; (2) there is a slight tendency 
for more errors to be committed in the first half of a given homo- 
geneous period than in the second half; (3) writing-pressure 
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and addition-time show a reliable positive correlation of 0.55; 
(4) vasomotor concomitants show initial effects, which go through 
gradient changes as the same type of work continues under constant 
environmental stimuli; and (5) fast workers quickly become automa- 
tized, slow workers only gradually. Two of Ford’s diagrams (p. 24) 
appear to the reviewer to be mistitled. The diagram for the “ fast 
workers ” shows a slower addition-time than the diagram for the 
“ slow workers.” 

One of Wilcocks’s (35) experiments in the study reported above 
is concerned with the effect of distraction upon attention. He uses 
the simple visual reaction-time as a measure of the effect, and the 
cessation of a concomitant auditory stimulus as the distraction. A 
series of 10 reactions was performed while a comparatively loud 
noise sounded close to §. Just before the stimulus was given for the 
eleventh reaction, the noise was suddenly interrupted. The numerical 
results and the introspective reports both show that “attention was 
attracted to the sudden cessation of the noise.” 

An adaptation of Piorkowski’s attention-fatigue meter is 
described by Verwoerd (32), who believes that it successfully 
measures the distribution of attention. He did not, however, find (33) 
the apparatus suitable for determining the effect of fatigue under 
disturbed attention. These studies are reported fully below. 

Hovey (15) in a study of the effects of general distraction on 
records made in the Army Alpha Intelligence Test, concludes: 
(1) higher mental processes are comparatively unimpeded by dis- 
traction ; (2) intelligence is not related to susceptibility to distraction ; 
(3) there are no individual differences in susceptibility to distrac- 
tion; and (4) true mental ability is more nearly approximated under 
distraction than under standard conditions. 

Skaggs (28) shows, from a study of Hovey’s data, that the dis- 
tractors have a detrimental effect when practice is taken into account, 
and that Hovey’s conclusions are not warranted. 

Miles and Terman (20) review and comment upon the distrac- 
tion experiments in word-association (pp. 174-179) that reveal sex 
differences. 

Mandeville (18) discusses the causes of distraction, and gives 
practical suggestions for overcoming it. 

(g) Abnormalities. Abnormal forms of attention, according to 
Wolf (36), are scattered attention and fixed ideas. The abnormali- 
ties are, in the opinion of the reviewer, more a matter of association 
than attention. 
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3. RELATION TO OTHER PHENOMENA 


(a) Intensity. Wolf (36) states that clearness and intensity are 
different and, to a certain extent, independently variable aspects in 
the apprehension of objects. 

(b) Attention and association. Wheeler (34) traces the develop- 
ment of the concepts of attention and association from the epistemo- 
logical theories of the Continental rationalists and the British 
empiricists to the present time. He holds that these concepts have 
been used from these different points of view to account for the 
same set of facts, i.e., “the orderly grouping and seriation of detail 
in mental life” (p. 2). The two schools faced the same logical 
problems, and they reached different solutions because “ each allowed 
its epistemological interests to dictate its psychological system- 
making” (p. 5). 

In spite of the faults of the apperceptionists and the associ- 
ationists, the problem they faced is as alive today as at the time they 
were first confronted with it. If a systematic psychology is to be 
built, it cannot thrust either solution aside, for the logic which com- 
pelled them “ to search for a common denominator in terms of which 
to envisage continuity and unity in complex mental life is as vital 
and legitimate today as it was then” (p. 6). That is Wheeler’s 
thesis, and he devotes the rest of the paper to defending it. His con- 
clusion is that “association is the problem of pattern and attention 
is the problem of the form and limits of pattern” (p. 17). 

The exposition is marred by inaccuracies and by many misstate- 
ments of fact and theory. For example, Wheeler’s statement that 
“ Wundt discarded the two-level notion of conscious and subconscious 
and substituted for it the notion of focus and margin” (5) is not 
only inaccurate, but betrays a complete misunderstanding of Wundt. 
Focus (Blickpunkt) and margin (Blickfeld) are merely metaphors. 
Wundt used them, as Fortlage, Lotze, and Tucker did before him, to 
illustrate the difference between the perceived and apperceived levels 
of consciousness—a difference first pointed out by Leibnitz. 
Wheeler’s difficulty with ‘fringe’ and ‘margin’ is entirely of his 
own making. ‘Fringe’ does not have to become ‘ focus’ in order 
to be observed. Again, Wheeler misunderstands and misstates 
Titchener. Titchener did not regard attention as a process, nor 
‘attensity ’ as a dimension of consciousness. Wheeler categorically 
denies the distinction between attributive and cognitive clearness, 
but does not give the evidence upon which he based this judgment. 
His statement that the “ distinction is untenable ” is sheer dogmatism. 
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(c) Attention, concept, and judgment. Prengowski (25) con- 
siders attention, concept, and judgment together, because he finds 
close relationships among them. His treatment of the three 
phenomena is logical rather than experimental, and philosophical 
rather than scientific. The study is of no great interest to the student 
of attention. 

(d) Motor phenomena. Ponzo (24) shows rather conclusively 
that the respiratory changes accompanying sensory attention are due, 
not to attention, but to the aim or purpose of the sensory act. The 
changes, for example, accompanying attention to olfactory stimuli 
are very different from those accompanying attention to weak sounds. 
If attention were responsible for the changes, they would be the 
same in the two cases. The inspiration-expiration ratio decreases, 
he finds, in all kinds of mental activity, and is best explained, he 
believes, as a facilitative modification. 

Ford (10) measures the effect of distraction upon attention by 
way of motor, respiratory, and vasomotor changes. He finds a posi- 
tive correlation of 0.55 between the pressure used by his Ss in writing 
the sums of the problems in addition and the time taken by them to 
make the additions. Since he regards a long addition-time as an 
indication of the lack of automatization and therefore of the presence 
of attention, he concludes that “we must abandon any theory that 
continuous and rapid work under noise conditions will be accom- 
plished at a sacrifice of muscular energy” (p. 37). His pneumo- 
graphic records show so many inhibitions of breathing that he finds 
it impossible to draw conclusions from them. The vasomotor records, 
obtained from a finger plethysmograph, show “that any change of 
mental processes, whether we call them attention, emotion, feeling, or 
what not, produces an initial constriction followed by gradual 
dilation ” (p. 30). 


4. TECHNOLOGICAL 





(a) Attention tests. Verwoerd (32,33) reports the results of 
two experiments with Piorkowski’s attention-fatigue meter—an 
apparatus which is little known in America, but is in principle nothing 
more than a multiple-reaction apparatus. It consists of a rectangular 
box in the top of which there is a row of 10 small windows paralleled 
by a row of 10 reaction-buttons. White squares are pasted upon a 
black drum within the box in such a way that, when the drum is 
rotated, they will appear, in the various windows, one at a time and 
in irregular and haphazard order. The person being tested is directed 
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to react as soon as he sees the white stimulus-object by pressing the 
button opposite the window in which it appears. The number of 
stimulus-exposures and of correct reactions is automatically recorded 
by electrical counters. This apparatus, we are told, is widely used in 
Germany for testing attention. 

Three assumptions, according to Verwoerd (32), underlie this 
use of the apparatus: (1) the distribution of attention is responsible 
for performance; (2) the reactions, in spite of their complexity, do 
not influence performance; and (3) either the correct reactions are 
evenly spread over the 10 buttons, or there is a high correlation 
between performance, as measured by the total number of correct 
reactions, and the distribution of attention. His problem was to test 
these assumptions. He required his Os, 25 in number, to report at 
the conclusion of the experiments the manner in which they per- 
formed the task. These reports, supplemented by E’s observations, 
were used as checks of the first two assumptions. The third 
assumption was checked by attaching electrical counters to every 
one of the reaction-buttons, thereby making it possible to measure 
performance separately at every position. 

According to his results none of the assumptions is justified. The 
reactions soon became automatized and the Os performed the task in 
a state of inattention as efficiently as in the state of attention, or even 
more efficiently. The apparatus cannot, therefore, be used in the 
prescribed manner to test attention. It is at most merely a test of 
the distribution of marginal consciousness, and of automatic action. 
The distribution of the scores among the 10 positions revealed an 
‘even’ and an ‘uneven’ type of performance. Since the perform- 
ance of these two types was found to be incommensurate, a single 
basis of ranking the Os could not be obtained. 

In an endeavor to utilize the apparatus for testing attention, he 
altered the method. He instructed the Os to react on the fourth 
button with the left hand when a stimulus-object appeared in any one 
of the 5 windows to the left, and on the seventh button with the right 
hand when the stimulus-object appeared in any one of the 5 windows 
to the right. Since the Os did not under these conditions become 
habituated or react automatically, he concludes that the apparatus is 
serviceable when used, by his modified method, for testing the 
distribution of attention. d 

The distribution of performance among the 10 positions (how 
this was obtained is not clear, as the Os reacted only on the fourth 
and seventh buttons) varied as before. ‘Even’ and ‘ uneven’ types 
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of performance were found. Consequently, a single basis of evalu- 
ating performance could again not be given. 

Using this modified procedure, Verwoerd (33) undertook to dis- 
cover the effects of fatigue upon the distribution of attention. 
Various effects were distinguished: (1) the performance as a whole 
suffers; (2) the unevenness of distribution increases, though the 
general level of performance remains the same; and (3) the distri- 
bution is narrowed, though the general level again remains 
unchanged. On the whole, however, Verwoerd finds that Pior- 
kowski’s apparatus “is not suitable for testing fatiguability where 
sustained distribution of attention is necessary, even if the apparatus 
is so altered that a distribution of attention is really obtained and that 
the evenness of such distribution can be checked.” 

Mme. Piéron (23) standardized Toulouse and Piéron’s modi- 
fication of Bourdon’s letter-cancellation test. In the modified form 
two symbols are cancelled in a list of 1,600, composed of eight dif- 
ferent kinds. The test serves as the attention-test in a battery 
designed for professional orientation. Norms were established for 
1,091 Paris school children (489 girls and 602 boys). 

Gamsa and Salkind (12) compare and evaluate the results 
obtained from (1) Rybakoff’s color-counting test, (2) Rybakoff’s 
square-and-cross counting test, (3) Schultze’s number-square test, 
(4) Toulouse and Piéron’s symbol-cancellation test, and (5) Ros- 
solimo’s distribution-of-attention test. These five tests were given to 
90 girls (nine, twelve, and fifteen years of age) and to 50 women. 
Quartile records are furnished for every test, and inter-correlations 
for the adult scores are computed between every two tests. The rela- 
tive gains vary considerably among the different ages and among the 
different tests. The correlations among the tests, though all positive, 
are slight, varying between 0.09 and 0.37. 

Philip’s (22) battery of attention-tests, devised especially for use 
in the schoolroom, includes variations of the familiar tests of 
number-span, mental multiplication, mental addition, alphabet, and 
cancellation. The battery was given to 1,600 school children, from 
ten to nineteen years of age, and performance in every test was 
separately computed for every age. The curves of performance in 
most of the tests reach a plateau at the age of fifteen. A correlation 
of 0.09 was obtained, from a sample of 243 children, between mental 
score and ‘attention score ’ as measured by this battery. 

(b) Hygiene of attention. De Lambert (7) writes on the 
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hygiene of attention, in the belief that attention is an activity that 
can be controlled through conscious self-regulation. 
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MEMORY? 


BY JOHN A. McGEOCH 
University of Arkansas? 


I. MEMORIZING 


The Curve of Memorizing. The form of the learning curve for 
motor skills, and the factors affecting it, have long been among the 
most active problems of the acquisition of skill, Upon the cor- 
responding problems of memory,’ however, comparatively little work 
has been done, although it is theoretically as important to know the 
temporal course of acquisition in one field as in the other. The 
reasons for the disproportionate emphasis upon the curve of skill to 
the neglect of that of memorizing are probably intrinsic to the tech- 
niques and materials of the two fields. The period of acquisition of 
most of the materials used in experiments upon memory is, for 
example, shorter than is that of most skills, and the plotting of a curve 
is a less obvious procedure. Further, a majority of the experiments 
upon memory are conducted by methods, now traditional, which do 
not yield a measure of progress at the end of each repetition, thus 
obviating the possibility of curve plotting. While these factors may 
account for the neglect of the curve of memorizing, they are scarcely 
more than historical accidents and certainly constitute no actual 
barrier to its study. 

During the period covered by this review, but three titles refer 
with any directness to the curve of memorization. In an experiment 
by Foster (48) eight simple stories were read to pre-school children 
individually. At the first presentation each story was read through 
continuously. On nine succeeding readings the experimenter paused 
at certain definite places, about forty in each story, and waited for 
the subject to supply the words. While not all stories were given 


1 This review covers the period since the preceding review by the writer, 
“Memory,” Psychol. Bull., 1928, 25, 513-549, with the addition of a few titles 
for 1927. It includes experimental and theoretical papers, general treatments 
of memory, and reports of new apparatus and problems, Not all titles are 
mentioned in the body of the review. 

2 Research paper No. 177, Journal Series, University of Arkansas. 

8 The traditional distinction between the provinces of skill and memory is 
assumed for the purposes of this review. 
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under exactly the same conditions, no warping of results will occur 
by reporting composite curves. When words per child per story are 
plotted against repetitions, the curve for the group with a mean CA 
of 2-11 (years and months) shows a clear initial positive accelera- 
tion, those for age groups 3-4 and 3-8 present less positive accelera- 
tion, while that for age group 4-3 is almost linear. Likewise when 
the subjects are divided into groups with mean MAs of 3-2, 3-10, 
4-6 and 5-8, the curves for the two lower groups are positively 
accelerated (that for the lowest MA group rises very slowly in a 
straight line, but it is fair to assume that it will turn sharply upward 
somewhere beyond the number of repetitions used, since the other 
curves show such a turn, though earlier), and those for the two 
higher are either linear or very little positively accelerated. The 
curves for the harder stories show more initial positive acceleration 
than do those for the easier. Markey (113) has reproduced several 
curves, for the acquisition by children of personal pronominal 
symbols, which show a pronounced initial positive acceleration, a 
characteristic which also appears in the scores of Martin and Fern- 
berger (114) for improvement in memory span. The latter fact is 
particularly significant since only the best record of each day is 
included. 

It seems likely that with memorial materials, as with motor skills, 
very young subjects, hard problems, and relatively low intellectual 
level are factors which produce a curve with an initial concavity to 
the y axis. 

The Relation Between Length of Series and Difficulty. Thur- 
stone (168) has tested, on well known data, two hypotheses regarding 
length of list and difficulty. According to Hypothesis I the relation 
between length and time should follow approximately the following 


law: Ta—n V n-a, in which T is the total learning time, k is 
the learning constant of the subject, c is the criterion of learning (a 
constant), is the number of items in the list, and a is the attention 
span of the subject. Since a virtually disappears in significance for 
long lists, the hypothesis states that learning time varies approxi- 
mately as the 3/2 power of the length of the list. The equation given 
above has been fitted to some data from Binet and Henri, and to four 
sets of data from Lyon, and a very close agreement has been found 
between the theoretical curve and the experimental data. 

According to Thurstone’s Hypothesis II, the relation between the 
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number of repetitions and the number of items in the list should 


ea 
follow approximately the law, R==— \ n-a, in which R is the 
5 


number of repetitions and the remaining notation as in Hypothesis I. 
This equation has been fitted to the classical data of Ebbinghaus and 
of Meumann, and to data from Lyon. The theoretical curve fits well 
the data of Ebbinghaus for the longer lists, but only approximately 
those for lists of 7 and 12 syllables. It fits poorly Meumann’s data, 
but with Lyon’s the agreement between the theoretical equation and 
the experimental results is remarkably close. 

Both hypotheses are limited to meaningless material learned by a 
single subject who has reached, before the experimental records are 
taken, a practice level for the material and method employed. Under 
these conditions the hypotheses that, save for short lists, learning 
time varies as the 3/2 power of the number of items, while number 
of repetitions varies as the square root of the number of items, yield 
a gratifyingly close agreement with experimental facts. 

Skaggs (156) has suggested that the apparently discrepant con- 
clusions of Ebbinghaus and of Meumann are both true within certain 
limits, and that the true relation between length and number of repe- 
titions is an S-shaped curve. There is no contradiction between this 
suggestion and Thurstone’s theoretical relationship, since the latter’s 
equation takes account of very short lists by correcting for attention 
span. He also considers it probable that agreement with short lists 
near the span is not to be expected. In the curves obtained by 
Vogelsang (173) for the relation between number of items and the 
exposures required to learn them in varying arrangements, wide 
individual differences occur. 

It seems to the writer that the results of Bills and Brown (9) 
upon quantitative set, while done entirely upon a problem in the field 
of work, have implications which cut across several of the problems 
of learning. It can hardly be doubted that memorization involves 
both work and acquisition, and that the latter masks any decrement 
which may be present. Bills and Brown find that the decrement 
varies directly as the amount of work with which the subject is faced 
at the start, i.e., with his quantitative, ‘amount’ set. In learning it 
may well be expected that a subject’s ‘amount’ set will correspond 
to the length of the list which he has before him to learn, and hence 
the longer the list the greater the relative decrement will be. Thus 
with long lists the decrement may operate as one of several factors 
to increase disproportionately the time required to learn, and with 
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short lists its lessened amount may weigh in producing the rapid. 


learning thereof. It may be, as well, a factor to be considered in the 
part-whole issue upon which no paper has been published during the 
period of this review. 

Distribution of Practice. One experiment dealing primarily with 
this well-worn problem has been published, together with several 
incidental confirmations of previously reported conclusions, and one 
review. Spight (160) has made an important comparison of the 
effect of two 12-hour rest periods introduced at the same stage in 
learning, one during the day and the other during the night, upon the 
learning of lists of 14 paired words. During the first sitting the 
material was presented until the subject was able to recall at least 
half of the items, and 12 hours later the learning was completed. 


The groups were equated in age, training and memorial ability, and. 


the order in which the lists were learned was counterbalanced. The 
trials for the first half of the learning were almost identical for the 
two groups, but completion of the learning after 12 hours of which 
the major part was spent in sleep was significantly superior. Con- 
ditions were such that the difference must be a function of the filling 
of the interval. It is concluded that the greater ease of learning after 
the night interval is probably the result of physiological facilitation, 
since the memorial review which is at least possible during the day 
interval is ruled out. There is a second possibility, viz., that during 
the night interval interpolated activities were minimal, with a 
resultant forgetting from retroactive inhibition which was less than 
that produced by the numerous interpolated activities of the day 
interval. 

The general efficacy of distribution is confirmed by Jersild (90), 
who finds that two repetitions are more effective when an interval 
occurs between them than when they are presented in immediate 
succession; by Boring’s (14) result that equal distribution of 12 
repetitions over 3 days is better than 12 massed repetitions; and by 
Foster (48) who reports that 5 repetitions per day for 2 days are not 
as efficacious for the learning of stories by pre-school children as is 
distribution to the extent of one repetition per day. Vélinsky (171) 
finds that, where the intervals between successive presentations are 
not large, an increase in interval is accompanied by an increase in the 
number of presentations required for learning. Certain limitations 
upon distribution are implied by Ghosal’s (54) conclusion that post- 
poning fixation after meaning has been set up may be detrimental 
because of the concurrent weakening of meaning. 
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Ruch (147) has reviewed the literature on the optimal distribu- 
tion of work and rest periods in relation to the various other factors 
affecting learning. His review includes studies of both memory and 
skill. 

Age Differences. Now that the general increase in memorizing 
ability with increasing age has been established beyond cavil, research 
interests are being extended to include the course of the curve beyond 
the years of late adolescence. The highly significant work of Thorn- 
dike and his associates (167)* has shown that persons between the 
ages of twenty-five and forty-five are distinctly superior to children 
in learning ability and equal or superior to persons between fourteen 
and eighteen. The decline from the early twenties to the late forties 
is not more than from 13 to 15 per cent. The subjects were tested 
on representative materials, including a logical system (Esperanto) 
and school subjects. The decrease in learning which, on the average, 
is found to occur in the later ages may be ascribed to various com- 
binations of the four factors, health and energy, opportunity, interest 
or motivation, and ability to learn. 

The age curve for the recall of the symbols of the Army Beta 
digit-symbol test, used in Willoughby’s (179) study of incidental 
learning, has a mode in the vicinity of age twenty-two and drops 
away sharply toward childhood and gradually toward old age. Jones, 
Conrad, and Horn (95) have constructed a composite curve for tests 
of the recall of the verbal and pictorial contents of motion pictures by 
persons, varying in age from ten to sixty, from 8 Vermont villages. 
Care was taken to render the form of the curve free from the influ- 
ence of special selection within the communities involved, and from 
other extraneous factors such as visual acuity and interest in the 
pictures. Increase with age is virtually rectilinear to age fifteen, with 
negative acceleration from that point to age twenty-three. From 
forty-five to sixty there is a rectilinear decrease, and by age fifty-five 
performance has fallen below that for age thirteen. 

Five studies corroborate the traditional results for the early years 
and one fails to do so. In Foster’s (48) work on verbal memory 
for stories, the group of children with a mean CA of 4-3 start at 
a higher point and improve faster than the younger children; ages 
3-4 and 3-8 are close together in performance; while the 
subjects of age 2-11 are clearly inferior to those at the higher 
The older and more mature children are, however, more likely 
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4 Reviewed at greater length in McGeoch, J. A., The Acquisition of Skill, 
Psychol. Bull., 1929, 26, 457-498. 
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to remember the meaning of a passage and more apt to stray from 
exact verbatim reproduction. The correlation between CA and total 
score for verbal memory is 0.74 (N==22). Barlow (3) has pub- 
lished curves which show a steady increase in number of syllables 
learned from Grade II to the college years, and McGeoch (119) finds 
that ability to report correctly in both the narrative and interrogatory 
forms increases slowly from age nine to age fourteen. Differences 
between successive age levels are small and are statistically unreliable, 
but they accumulate in such a fashion as to render the differences 
between the extremes of the age-range much larger and of a satis- 
factory degree of reliability. Narrative errors have no definite tend- 
ency to vary with age. Interrogatory errors decrease very slightly 
with increasing age. 

According to Fischler and Ullert (46) memory span for digits and 
memory for geometrical figures increase very slowly, if at all, from 
age seven to adulthood ; memory for words increases irregularly ; and 
memory for pictures and for phrases show a clear age increase. The 
authors interpret the latter fact to mean that, with these materials, 
logical organization can enter, as opposed to the brute memory 
involved in digit-span and recognition of geometrical figures. They 
question the inclusion of the digit-span tests in the Binet-Simon scale, 
since the span presents so little clear increase with age. In all 530 
subjects were employed and it is difficult to understand this divergence 
from the usual result unless the factor of interval operates against the 
influence of increasing age, which seems unlikely. Fischler and 
Ullert used a rate of two seconds per digit, which is much slower 
than the Stanford-Revision rate of slightly more than one digit per 
second. Young (181) obtains some increase with age in both for- 
ward and reverse spans. Learning span increases more definitely 
with age. Netschajeff (130) finds a steady and considerable increase 
in both digit-span and sentence-span between ages four and eight. 
In Garrett’s (53) experiment, logical memory is the only test not 
negatively related to age in a group of 158 college men. 

Sex Differences. The once eager search for fundamental intellec- 
tual differences between the sexes has noticeably abated, but con- 
clusions regarding the relation between sex and mental functions 
continue to be reported, although they are for the most part inci- 
dental to other research interests. In the learning of lists of 20 
syllables each, with full and restricted articulation, the girls excel the 
boys (Barlow, 3). The differences are not wholly reliable, but there 
is a probability in favor of feminine superiority. The total number 











520 JOHN A. McGEOCH 


of cases is large. Ridgley (144) reports that, in an experiment aimed 
at studying children’s interest in learning about places, the girls 
exceed the boys by 10.7 per cent in terms of the places actually looked 
up. McGeoch (119) has studied the problem of sex differences in 
testimony or report. Sex differences are found to be, in part, a func- 
tion of the material upon which report is made. Reports upon the 
Binet object-card show no consistent sex differentiation, while reports 
on a picture, and even more on an event, show a somewhat con- 
sistent, though slight, tendency for the girls to excel. The differences 
are small and few are reliable. Assurance, measured by the per cent 
of items attested, does not vary regularly with sex. In recognition 
memory the women among Seward’s (155) subjects have higher con- 
fidence ratings than the men. Recognition time has a greater range 
with the men; and there are no reliable differences between the sexes 
in mean speed or in relative variability of recognition times. In 
verbal memory for stories, the boys of Foster’s (48) experiment 
consistently excel the girls, but the number of cases is small. Wash- 
burne’s (174) experiment upon the use of questions in the learning 
of social science material reveals that girls are somewhat more 
affected by preview questions than are the boys, while with review 
questions the reverse is true. 

Three other investigations yield no sex differences. The five 
immediate memory materials employed by Fischler and Ullert (46) ; 
the recall of incidentally learned symbols (Willoughby, 179); and 
learning both normally and under the influence of distraction from 
concurrent stimulation (Schorn, 149) fail to present such differences. 

In studies on this problem one never knows whether the differ- 
ences which appear, even granting their statistical validity, are 
inherent in the subjects or whether they are functions of the sub- 
jects’ previous acquaintance with the material, and of other adven- 
titious factors. Moreover, the reported differences uniformly fail of 
statistical reliability. It may safely be concluded that sex differences 
in memory, of whatever nature they may be, are very slight, probably 
inconsequentially so. 

Intelligence and Memorizing. The far reaching implications, both 
theoretical and practical, of the problem of the relation between intel- 
ligence and memorial ability conspire to render it an increasingly 
active problem. Garrett (53) has conducted an extensive experiment, 
using 158 college men as subjects, in which he has correlated five tests 
of memory: visual and auditory digit-spans, visual and auditory 
paired-associates, and logical memory for fairly difficult prose; with 
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intelligence (Thorndike examination). The multiple correlation of 
intelligence with the five memory tests is 0.44, which becomes 0.52 
when corrected for attenuation. The addition of three learning tests 
of the order of skill raises the corrected coefficient to 0.60. Individ- 
ually the memory tests yield low correlations with intelligence. The 
multiple correlation coefficients are of no small significance because 
of the highly selected character of the group. The discovery of a 
substantial relationship between intelligence and memory records in 
comparatively routine tests, a relationship which would doubtless 
mount with the addition of more tests and finer measurements, points, 
Garrett thinks, to the essential oneness of intellect, a unity in terms 
of the Thorndikian quantity hypothesis, whereby simple connection- 
forming and high sagacity are basically the same. McGeoch (121) 
finds that the correlations of combined sigma standings on NIT and 
Army Alpha with correct narrative and interrogatory reports on the 
Binet object-card, a picture and an event are positive at every age 
from nine to fourteen and that most are high enough to indicate a 
definite relationship. With the two materials first mentioned, the 
interrogatory yields a higher correlation with intelligence than does 
the narrative. The height of the coefficient shows some tendency, 
also, to vary with the material upcn which report is made. Total 
narrative errors are unrelated to intelligence, while total interrogatory 
errors are related negatively. Per cent of attestation is wholly unre- 
lated to intelligence. In Hartmann’s (71) study of precision and 
accuracy there appears a correlation of 0.05 between the Thorndike 
Intelligence Examination and interrogatory reports on pictures. 
Cushing’s (36) conclusion that perseveration depends more upon 
mental age than upon chronological maturity has important impli- 
cations for memory problems. 

The relation between MA and the form of the curve of memoriza- 
tion for words in stories has already been discussed (Foster, 48). 
When pre-school children are divided into groups with mean MAs of 
3-2, 3-10, 4-6, and 5-8, the curves for the acquisition of words by 
each group run at a level corresponding to the MAs of the group. A 
fairly high correlation appears (Hegge, 73) between mental level and 
answers to questions upon a simple story by a group of subnormal 
children. Above an MA of 5.3 no total failures occurred. 
Farson (44) obtains evidence of a positive relation between memory 
span performance and school success, and Willoughby (179) reports 
a correlation of 0.686 between school grade and the recall of inci- 
dentally learned symbols. Such recall correlated but 0.133 with 
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brightness. Anderson and Jordan (1) present a correlation of 0.65 
between I.Q. and immediate memory, and Lowery (109) has pub- 
lished a coefficient of 0.44 between the Tomlinson ‘ West Riding’ 
tests of mental ability and musical memory. Schorn (149) finds a 
rough positive relation between immediate memory for an event, 
enacted while the subjects worked at arithmetic sheets, and scholastic 
ability. Intelligence seems to be a differentiating factor with respect 
to the optimum method of acquiring academic material (Greene, 62). 
Students whose Thorndike Intelligence Examination scores, or whose 
college grades, fall in the upper quartile of the subjects used, tend to 
learn slightly better by reading the material for themselves than from 
lectures. The opposite is true for the lowest quarter of the students. 
Independent learning (Herrmann, 76) corresponds somewhat more 
highly with estimated intelligence than does ordinary school learning. 

It will have been noted that the relationships between intelligence 
and memory which have been summarized, in common with those 
previously reviewed, are uniformly positive and consistently low. 
The substantial multiple correlation obtained by Garrett between five 
memory tests and one of the best existing measures of intellect would, 
however, lead one to suspect that the small relationship between 
single measures of memorial function and single intelligence tests are 
but the outcome of numerous factors specific to the experimental 
conditions, and that a composite of a very large number of variously 
obtained records of memorial ability would approach as a limit that 
which is measured by tests of general mental ability. 

Sensory Modality and Method of Presentation. Sensory modality 
and the methods of presenting learning materials are variables which 
are closely interrelated, and the experiments upon the two will be 
reviewed together. Tilton and Knowlton (169) have made a well- 
controlled attempt to measure the contribution of ten chronicles-of- 
America photoplays to history teaching in the seventh grade. Under 
the influence of the photoplays the experimental group gained 19 per 
cent more than the control. To show in another way the significance 
of this gain, a control group was selected of sufficiently greater ability 
to permit it to make the same amount of gain as the experimental 
group. This control group was, on the average, brighter, over a year 
more mature mentally, and one grade farther advanced in knowledge 
than the experimental group. The gain of the experimental group 
did not take place at the expense of standardized progress. The 
photoplays were most effective in teaching about the interaction of 
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forces and events, historical personages and geography. They inter- 
fered somewhat with the learning of time relationships. 

Three methods of presentation have been employed by Rus- 
sell (148) with groups equated in intelligence. By one method the 
material was read twice to the class; by a second the students were 
to read the material at their normal rates over a period equal to that 
consumed by the teacher’s reading to the first group; and by a third 
the pupils were to read the material twice at a normal rate, regardless 
of absolute time. Learning was tested by essay and true-false ques- 
tions. With Grade V the teacher’s reading was best and the pupils’ 
reading with time constant was worst. In Grade VII the methods 
were roughly equal; and in Grade IX the teacher’s reading was worst 
and the pupils’ reading with frequency constant was best. The dif- 
ferences in the two higher grades are very small, however. 

The lecture (auditory) and reading (visual) methods of presen- 
tation are equally effective in the acquisition of the content of psy- ° 
chology (Greene, 62). The fact that the high quartile in both intelli- 
gence and grades did slightly better with the reading method and the 
low quartile with the lecture method has already been noted. In 
learning Latin (Fenton and Hill, 45) the reinforcement of the book’s 
presentation by pictures to illustrate the words proves beneficial ; and 
in learning meaningful materials (Ewald,43) the subjects who 
employed visual grouping did better than those who used an auditory 
grouping. Gudeff (65) discusses briefly certain physiological and 
anatomical aspects of the visual and auditory modalities and their 
relations to memory. 

In interpreting such experiments one must remember that the 
influence of sensory modality becomes, under most experimental con- 
ditions, a problem in the method of presentation of the material, since 
presentation to a given receptor by no means insures that learning 
will go on primarily in terms of that modality. The subject may 
translate the material into any terms he is able to use. 

The Grouping of the Material. The work presented under this 
topic is correlative with that discussed under the foregoing heading. 
The experiments there discussed were concerned with the objective 
presentation of the material to the subject by the experimenter ; those 
here reviewed have to do with the units in which the subject handles 
the presented materials. Ewald (43) has attacked at some length 
the problem of the size of the groups or ‘complexes’ with which 
subjects can deal effectively in learning both nonsense syllables and 
meaningful material. Wide individual differences appear. Some 
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subjects, for example, can manage only 4 syllables as a unit; others, 
the best, can manage as many as 8. The best learners of both ma- 
terials are those who apply grouping methods, who are ‘ complex- 
strong’; the poor learners are weak in ability to group. The size 
of the units which can be handled varies also with the nature of the 
material. Vogelsang’s (173) better subjects were, likewise, able 
to deal with larger groups than were the poorer ones. The in- 
trospective data of an experiment by Martin and Fernberger (114) 
on improvement in memory span show that the improvement occurs 
at the level of organization into groups. The subjects experienced 
difficulty in handling groups containing more than five items. 

Mnemonic Devices. Intimately related to the last section is the 
matter of mnemonic techniques. Belanner (7) publishes a graphic 
representation of his own visual number-form with cases illustrating 
its use in recalling numbers and dates. Spielrein (159) was able to 
duplicate, by organization into a pattern, the feat of a ‘memory- 
artist’ who could repeat a long list of words heard but once. He 
describes the difficulties and characteristics of such organization. 
Hegge (72) has called in question Spielrein’s interpretation of cer- 
tain of his illustrations, but agrees upon the importance of meaning- 
ful connection. Hosiasson (80) calls attention to the mnemonic 
value of classifying material to be learned and of associating it with 
one’s already acquired experience. 

Phenomenal Memorizing. The period’s crop of phenomenal 
memorizers is hardly as luxuriant as was the one harvested in 1928, 
but they are still with us. Jaensch and Mehmel (86) describe an 
imbecile boy of eighteen who by use of eidetic imagery could give, 
with a mean reaction time of 7.8 sec., the day of the week of any 
date mentioned between 1920 and 1927. He can do the same for 
other years if the questioner will tell him the day of the week of any 
one date of the year in question. He gets the calendar for the entire 
year in eidetic imagery; no calculating is required. A case is re- 
portd by Phillips (134) of a low grade imbecile boy with specific 
memorial ability for words and tunes. Loser (108) records the case 
of a pupil with unusual visual memory for digits and words, an 
ability far in excess of the rating of his other associative processes. 
The man described by Friedlander (50) is possessed of a poorly 
integrated personality, but is able to repeat in toto the contents of 
the Sunday edition of a large newspaper which he has read but once. 
He is able to do likewise with speeches, repeating not only the words 
but the gestures and mannerisms of the speakers. The unusual 
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memory of the lightning calculator of whom Blachowski (10) writes 
is also in point. The use of essentially the same mnemonic devices 
as those described above appears in most of these cases. 

The Influence of Attitude or Set. Jersild (89) raises the ques- 
tion of the influence of the mental activity aroused by a preéxamina- 
tion upon subsequent learning. In five different experiments sub- 
jects were examined upon materials new to them and then 
reéxamined after a period of study. Equivalent controls were not 
preéxamined. The use of multiple-choice and essay questions for 
preéxamination resulted in consistently higher scores for the pre- 
examined group. True-false tests were either ineffective or detri- 
mental. In so far as preéxamination arouses an activity attitude and 
stimulates industry it is beneficial. Analogous to these conclusions 
is that of Washburne (174) concerning the greater efficacy of ques- 
tions placed at the beginning of a story than of those placed at the 
end. His results, also, are to be interpreted in terms of the set 
aroused by the questions. 

Maso (115) compares the influence of active and passive atti- 
tudes upon learning. In one experiment, under the active attitude, 
the subjects were to sort pictures accompanied by their names into 
three designated classes; under the passive attitude they were given 
the pictures already sorted and were told to look at them attentively. 
In other experiments the memorial values of matching names and 
objects, attributes and objects, and looking up specified biographical 
information were compared with the corresponding values when the 
materials were presented already matched or gathered. The precise 
nature and extent of the active attitude and the amount of its dif- 
ferentiation from the soecalled passive attitude are unknown, but 
the two attitudes yield somewhat different results. For a majority 
of the subjects the active attitude is the better. The differences 
between the two are much larger on delayed than on immediate recall. 

The problem studied by these three investigators is one which 
cuts across a large proportion of the other problems of memorizing 
and retaining, and overlaps, as do many such, the fields of thought 
and reasoning. The investigations of the effect of attitude have 
clearly indicated that learning alters with change of set. The 
quantification of set and the measurement of its influence along a 
qualitatively uniform continuum is a highly important problem of 
the future. 

Memory Span Studies. Martin and Fernberger (114) report a 
rather marked improvement in auditory memory span following 
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continued practice. One subject improved 47 per cent, the other 36 
per cent. The authors are careful to point out that interpretation of 
these results must be guarded. The span which is improved is that 
obtained by grouping and gains are based on the development of 
better methods. If, on the other hand, one means by memory span 
the range of items which can be reproduced after a single, ungrouped 
act of attention, the span is little, if at all, susceptible to improve- 
ment through practice. Martin and Fernberger gave their adult 
subjects two series daily for each number of digits from five until 
the span broke down. Young (181) has employed a somewhat dif- 
ferent technique with subjects varying in age from 40 to 10-11. 
When the subject failed three forward auditory digit-spans at a given 
length, a series of that length was repeated to him until he had 
mastered it or had made ten failures. The subjects were taken as 
far as they could go before making the criterial number of failures. 
The average learning span was less than one digit beyond the im- 
mediate memory span. Thirty-eight per cent of the cases were 
incapable of learning beyond their digit-spans, 50 per cent attained a 
learning span of one digit greater, 11 per cent of two digits greater, 
and a few cases did still better. Revised norms for memory spans 
for digits, syllables and ideas have been published by Gillespie and 
Brotemarkle (56). Brooke (19) has compared the auditory and 
visual memory spans of clinical and institutional cases and has 
concluded that the latter are inferior. 

Serial Position. Foucault (49) proposes to examine two different 
kinds of inhibition which appear within a memorized series: regres- 
sive internal inhibition, which is similar to retroactive inhibition save 
that the inhibiting factors arise within the series itself, and 
progressive internal inhibition, which refers to the detrimental in- 
fluence of the earlier items of a series upon the later ones (proactive 
inhibition). He reasons that, as lists of words, once presented, are 
increased in length from 3 to 7, regressive inhibition will show itself 
in a lessened number of correct recitations of the initial item, then 
of the second item and so on, while progressive inhibition will have - 
a similar effect on the last items. When adults are used as subjects, 
he obtains no very consistent results, but when 100 children are 
employed, clear serial position curves of the customary type, and of 
the kind required by Foucault’s assumptions, appear. If the two 
kinds of inhibition work additively, the 4th word in a 7-word 
list should suffer the sum of the forgettings of the first and last words 
of the list, here 21. Actually its forgetting score is 81. Thus the 
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combined action of the two factors is greater than their sum. He 
explains this by assuming that succeeding words are weakened by 
progressive inhibition and are thus unable to resist regressive in- 
hibition. In the middle of a list this condition obtains most strongly. 
Foucault’s experiment is of the usual serial position kind, but his 
interpretations, which are the same as those previously made in 
outline. by Woodworth and Poffenberger (1920), are important. 
They fit the obtained facts with some exactness and constitute an 
internally coherent explanation in terms of already familiar concepts. 
If we grant the validity of this hypothesis, the advantage of primacy 
is explained by freedom from progressive inhibition and of finality 
by freedom from regressive inhibition. In most of his series, as in 
the results of Robinson and Brown (1926), for example, primacy is 
superior to finality. It should be noted, however, that there are 
other factors as well as inhibition which may enter into the produc- 
tion of serial position values, such as positive association with posi- 
tion, a possible review, and a ‘ set’ toward certain parts of the list, 
notably the first and last. In their study of associative blocking, 
Elkine and Krasnopolsky (42) find a progressively diminishing 
effect as the member common to two successive lists is displaced 
toward the middle and end of the series. They explain this in terms 
of the basically forward direction of associations. 

The four factors, primacy, recency, frequency and vividness have 
been carefully examined by Jersild (88,90). The material consisted 
of 70 narrative statements composing the biography of a fictitious 
person. Rotation of statements served to counterbalance differences 
in memory-value between the statements themselves, and each score 
for a statement under the influence of an experimental factor was 
calculated in terms of the scores for that statement when placed in 
the middle of the exercise and not subjected to any experimental 
device. Primacy (first position) has a high value, which is exceeded 
only by a frequency of 3, 4 and 5 repetitions and by one vividness 
factor. The second and third positions also have some advantage. 
Primacy is much superior to recency, regardless of what degree of 
each is compared. Willoughby’s (179) data support the superiority 
of primacy and finality and confirm the current conclusions regarding 
serial position. 

Frequency and Vividness. In Jersild’s (88,90) comparison of 
several factors of advantage, or modes of emphasis, in the learning 
of a biography spoken by experimenter to subjects, frequency and 
several devices to provide vividness were employed as well as the 
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conditions of primacy and finality. The nature and value of each 
may be shown most compactly by listing them in order of rank from 
best to worst in terms of percentage score: 5, 4 and 3 repetitions; 
“now get this’; primacy; 2 distributed repetitions, positions 11-60; 
second position ; 2 distributed repetitions, positions 35-40; “ Did you 
notice that?”’; pause; 2 concentrated repetitions, positions 60-60; 
third position ; recency, last position ; loud; third from last statement ; 
second from last statement; gesture; 2 concentrated repetitions, posi- 
tions 10-10; bang; middle or normal; and slow. The range of per- 
centage score is from 315 to 79. It will be noticed that the vividness 
devices tend to come toward the middle and lower end of the rank- 
ings, the frequency and primacy factors toward the upper end. In 
point is Willoughby’s (179) low but significant correlation between 
recall and amount of practice upon the associations recalled. 

The Results of Continued Memorizing; and Transfer. After 
preliminary practice, Heron (74) presented successively two separate 
lists of 6 paired syllables to large numbers of subjects under three 
conditions of relation between the members of the two lists: (A) all 
syllables different; (B) first and last pairs of the second list con- 
taining a syllable found also in the first list, and (C) the first mem- 
bers of the first, second, fifth and sixth pairs being syllables found in 
the first list. The conditions were presented in counterbalanced prac- 
tice order. The second list was learned uniformly with fewer trials 
and fewer errors than the first list, and these differences were statisti- 
cally reliable. This is viewed as a warming-up effect or a positive 
transfer lasting over only a short period. It had disappeared after 
an interval of one week. This disappearance, and the fact that prac- 
tice effects and differences in the difficulty of the lists are cancelled 
out, are taken to validate the warming-up effect and to distinguish 
it from a transfer of specific habit-units. Elkine and Krasno- 
polsky (42) obtain small but consistent practice effects from the 
learning of four different and successive lists of 10 numbers each. 
When the first members of two lists are the same, difficulty of learn- 
ing the second list is somewhat increased. Within limits an increase 
in the number of common membefs increases the degree of associ- 
ative blocking. This blocking or negative transfer is less strong in 
‘ mechanical ’ than in associative or logical memory. Brinkmann (18) 
attacks by new methods the old Aussage-problem of the trainability 
of observation and report. He uses the search method of Ach and 
concludes that such abilities can be improved by training. One good 
device is practice at observations which increase progressively in 
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difficulty. The most important condition for good performance is 
a suitable determination. 

Orata (133) attempts a critical analysis of Thorndike’s theory 
of identical elements. He first reviews numerous experiments on 
transfer of training and concludes that Thorndike’s theory of identi- 
cal elements is, for several reasons, invalid. (A) It is not supported 
by reliable experimental evidence; (B) logically, to say that transfer 
occurs in terms of identical elements is but to say that it does occur; 
(C) the theory rests upon a specialized, atomistic view of mind; and 
(D) it is incompatible with sound educational theory. Transfer 
takes place, his analysis of the literature is taken to reveal, “to the 
extent in which conditions favorable to transfer are present,” which 
is scarcely enlightening. He proposes to reinterpret the problem in 
terms of a different theory of mind. Transfer is defined as “ the 
extension and application of meanings to new problems or situations 
in such a way that we can deal with them effectively.” Amount 
thereof “depends upon the extent to which meanings are identified 
and applied,” and is “ facilitated by concept formation.” It is not 
possible to examine here Orata’s interpretation of the experimental 
evidence. It is made, however, against the background of a theory 
of mind which is briefly presented, to defend which no systematic 
attempt is made, and in which appear many crucial items which are 
but categorically stated. The evidence against a narrowly specialized 
and atomistic view of mental functions may be convincing, but a 
more systematic work is needed to render acceptable the reinterpre- 
tation given, although it should be said, in fairness, that it contains 
many important comments upon the problem. 

Correlations Between Different Materials. The important investi- 
gation by Garrett (53), whose conclusions regarding the relation 
between intelligence and memory have already been reviewed, 
involved computations of the intercorrelations between the memory 
and learning tests employed. The coefficients were for the most part 
low, around 0.21 as a central tendency, but when the proper statistical 
technique was employed, it was found that there was a common mem- 
ory factor present which “is represented by an average intercorrela- 
tion which is almost certainly as large as .11 and may be as large as 
17.” Fischler and Ullert (46) have intercorrelated the performance 
of a large group of subjects on immediate memory for phrases, 
words, pictures, digits and geometric figures. The correlations, as 
were Garrett’s, are low; and some are negative. Scrutiny of the 
tables of the two papers yields the tentative suggestion that the tests 
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which are most alike in form, in content, or in both, yield the highest 
intercorrelations. 

In McFarland’s (117) study of the relationship between speed 
and mental ability, the correlations between memory for serial impres- 
sions and other tests run in decreasing order from an r. of 0.77 to 
one of 0.10, as follows: insight, maze running, form board, sentence 
completion, simple reaction, opposites, synonyms, discrimination and 
number sense. Every r. save the last is 0.40 or better. In the com- 
plexity-of-task ranking, memory is well toward the top. Netscha- 
jeff (130) likewise reports high correlations between digit-span, 
sentence-span and six non-memory tests, as well as one of 0.66 
between the two spans. 

Low correlations have been found by Hartmann (71) to obtain 
between memory for words, reports on pictures and tests of persev- 
eration. The learning of meaningful material (Ewald, 43) involves 
abilities different from those required in learning nonsense syllables. 
The subjects who did best with the latter did not excel with the 
former where, instead, the average learners of syllables did best. 
McGeoch (120) has intercorrelated the narrative and interrogatory 
report scores upon three different materials, the Binet object-card, a 
picture and an event. The average correlations between narrative 
and interrogatory score varies between 0.230 and 0.428 for correct 
items and between 0.095 and 0.203 for wrong items. When the same 
methods of reporting upon different materials are intercorrelated, the 
r.s range from 0.076 to 0.431, the size of the r. being a function of 
the materials, scores and methods of reporting. It is concluded that 
the ability to report is a function specific to the several factors 
involved. 

The Reliability of Experimental Materials. No paper devoted 
specifically to a determination of the reliability of the materials used 
in work on memory has appeared, but reliability coefficients have been 
published, somewhat incidentally, by Garrett (53) and by Hart- 
mann (71). Garrett’s coefficients are as follows: visual and auditory 
digit-spans, 0.68 and 0.80; visual and auditory paired-associates, 0.95 
and 0.90; logical memory, 0.60. Hartmann’s are: recognition 
memory for words, 0.58, and report on pictures, 0.22. Garrett has 
also correlated the sum of eight memory-learning tests with the sum 
of eight identical tests, obtaining a result which is approximately 
0.93. In general it seems that the reliability of some at least of the 
materials for experimentation on memory is higher than is that of 
the stylus maze, for example, in the field of skill. 
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Methods, Apparatus and Materials. Robinson (145) has pub- 
lished a classification and evaluation of the methods of practice 
equilibration. The method of completed practice is seldom used 
because, ¢.g., the limit of practice is so often beyond experimental 
reach. There are three methods of uncompleted practice: (A) the 
method of predicted learning, which is usable when the experimental 
condition is known to work against the practice effect; (B) the 
method of the control group, which requires that N be large; and 
(C) the methods of counterbalanced order, which assume relative 
linearity and that the groups will be equally influenced by a given 
amount of practice, and which is trustworthy if several cycles yield 
consistent results. 

Chou (27) contributes a useful bibliography and classification of 
exposure apparatus. He suggests the term bradyscope, first used by 
Esper, for all exposure devices used in work on memory, in contrast 
to the term tachistoscope, which is reserved for apparatus with very 
rapid exposure rates. He describes a new quadrant tachistoscope 
which can also be used as a bradyscope. An account of an automatic 
card feeder and catcher mechanism to go with this has recently 
appeared (Chou, 28). The use of a moving picture projector as a 
demonstration apparatus is recommended by Pillsbury (136). Its 
cost of operation is negligible and it can handle a wide range of 
materials. 

Glaze (57) has made a valuable experimental classification of 
2,019 nonsense syllables in terms of their associative values. Each 
syllable was exposed to each of 15 subjects for 3 sec. in a tachisto- 
scope, the subjects having been instructed to indicate what meaning, 
if any, the syllable had for them. If all subjects gave a response 
word to a syllable, it was placed in the 100 per cent division with 
regard to associative value; if no subject had an association with a 
given syllable, it was given a rating of 00 per cent ; and so on for each 
proportion of the 15 subjects for whom a syllable had associative 
value. The classified syllables are published in full. Glaze does not 
claim that all of the syllables have the exact associative value assigned, 
but only that those in the lower ranges are actually low and are 
numerous enough for most experimental purposes. The value 
assigned to a particular syllable is doubtless a function of the experi- 
mental conditions employed by Glaze, but his work is an important 
step in the calibration of experimental materials. 

Boring (14) reports the character of, and some typical results 
from, certain demonstrational experiments in memory which he has 
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used for a number of years and which yield results illustrative of the 
facts about length of list, distribution, and meaningful vs. nonsense 
material, together with qualitative observations. Awaji (2) describes 
an immediate memory test consisting of pictures. Learning is tested 
by a modified form of recognition. 

Applications of Data on Memory. For an experimental group, 
teaching situations which applied some of the principles of the psy- 
chology of learning were chosen by Laton (104), and this group was 
compared with a control in the teaching of which no conscious appli- 
cations of psychology were made. The experimental group acquired 
more knowledge than the control by several methods of testing. 
Sell (151) includes extensive tests of memory and of observation in 
his inventory of the personality traits of a normal twelve-year-old 
child; and Netschajeff (129) has used memory performance as one 
factor in a coefficient to determine the extent of the harmonious 
relation between sensory and motor functions. 

Miscellaneous. Under this head will be reviewed topics upon 
which only a single paper has been published, or upon which very 
briefly statable results have been obtained. (A) The Réle of Articu- 
lation. Three hundred and twenty-seven subjects, grade and college 
students, learned 20-word lists under a verbalization condition, in 
which they were instructed to repeat the words by use of tongue 
and lips, and under a restricted articulation condition, in which they 
were instructed not to say the words. They were assisted in the 
restriction by a pencil held crosswise between-the teeth. The averages 
consistently favor the learning under unrestricted articulation. 
Barlow (3) interprets his results in terms of a dynamic influence of 
articulation upon learning mechanisms. 

(B) The Memory Value of Absolute Size. Newhall and 
Heim (131) report that the immediate recall value of advertisements 
is independent of their absolute magnitude. Three absolute sizes, 
50, 100 and 150 square inches, were employed with large groups of 
subjects and adequate experimental conditions. (C) The Influence 
of Exposure Time. Newhall and Heim, in the above experiment, 
used exposure times of 2, 5 and 15 seconds, with the result that imme- 
diate recall increases considerably with each increase in exposure 
time. Elkin’s (41) conclusion that number of presentations required 
varies inversely as the speed of presentation is concordant. 
(D) Rhythm. Elkin finds, also, that the more the rhythm of the 
presentation of lists of numbers and of nonsense syllables is broken, 
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the larger is the number of repetitions required for learning. 
(E) Independent Learning. Fourteen-year-old boys are able inde- 
pendently to comprehend and assimilate ordinary school material for 
themselves. They have, as well, good insight into their own learning 
methods (Herrmann, 76). 

(F) The Mnemonic Independence of Form and Color. Pialat 
(135) has raised this question and has investigated it by means of 
nonsense words paired with variously colored forms. The relative 
importance of the two factors is a function of the experimental con- 
ditions, but under the normal conditions employed color plays a role 
secondary to that of form. (G) Memory for Onomatopes. With 
pupils of the fifth and sixth grades and with college students, 
onomatopes have less advantage in immediate memory than concrete 
words and more than abstract words, when each is read in lists of 
discrete words to subjects covering a wide range of intellectual 
ability (Stoke, 164). (H) The Direction of Association. Stod- 
dard (163) had 328 subjects learn and recall immediately lists of 50 
paired French and English words under various conditions of direc- 
tion of association. With learning order disregarded, the ratio of 
equivalents for French words recalled to equivalents for English 
words recalled is two to one; regardless of the order of learning, the 
unfamiliar French calls up more correct associations than the familiar 
English. 

(1) The Influence of Alcohol. According to Kurka (102), 
alcohol in varying amounts increases the number of errors and the 
variability of records in the learning of nonsense syllables. 
(J) Neural Conditions of Acquisition. De Mortier (127) discusses 
the neurological conditions of amnesia of fixation and concludes that 
bilateral destruction of the prefrontal areas in man produces such 
amnesia. For mnemic acquisition, also, the paths from the prefrontal 
to the posterior cortical areas must be intact. (K) Memory of Pro- 
nunciation in Aphasia. Noica (132) states that motor aphasia is 
especially characterized by a loss of memory for pronunciation of 
words. Loss of power of evocation also occurs. (L) Imagery in 
Memorizing. Garfunkel (52) has examined the relation between 
eidetic imagery and immediate memory for sentences auditorily pre- 
sented, and finds no uniform relation. The memory performance of 
a feebleminded boy with eidetic memory has already been mentioned 
(Jaensch and Mehmel, 86). Forsberg (47) stresses the importance 
of the relation between image-type and the material to be learned. 
(M) Motivation to Study. One of the major conclusions of Craw- 
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ford’s (32) excellent survey of student opinion and activity is that 
motivation, appreciable purpose, is one of the major factors in the 
academic learning of students. A discussion of motivating factors 
is given. 

(N) The Influence of Information on Memory for Pictures. 
Droba (40) has made an interesting experimental analysis of the 
effect of varying amounts of information about pictures of paintings 
in the Art Institute upon their recall. Some information is better 
than none, and the efficacy thereof varies with the amount and the 
exposure time. In general the information most favorable to recall 
is the name of the picture, the last name of the painter, and a short 
sentence about him. (OQ) Attention and Memorizing. Schorn (149) 
finds that children report much less well when the material was re- 
ceived simultaneously with the occurrence of another activity than 
when it is presented alone. Divided attention, presumably, is 
deleterious. With this the work of Sterzinger (162) agrees. 
Meyer (126) has shown that total attention is superior for formal 
and quantitative relations, while discrete attention is better on the 
qualitative side. Sengupta and Bose (154) emphasize the importance 
of definitely directed, as opposed to indefinitely directed, attention. 
Wide individual differences appear in the influence of distraction 
upon the learning of nonsense syllables (Weber, 175). (P) Racial 
Differences. According to Graham (60) whites are superior to 
negroes in rational learning. Gray and Bingham (61) conclude that 
white children are superior to colored in musical memory by the 
Seashore Test. There is, however, likelihood that the superior in- 
telligence of the whites is a major factor in both of these cases, as in 
Lightfoot’s (106) finding that colored children have short memory 
spans. Netschajeff (130) finds small memorial differences between 
children of five different nationalities. 


II. RETENTION 


It is interesting, though scarcely gratifying, that there has been 
for years a clean-cut selection in research upon retention in favor 
of memory problems. Within the general field of memory, retention 
has been studied almost, if not quite, as systematically as has 
memorization; while in the field of skill, on the other hand, very 
little systematic work has been done upon retention. The reasons 
lie embedded in the history of research upon learning. They can 
hardly be examined here, but the facts are deserving of comment. 

The Curve of Retention. Bassett (4, 6) has made an extensive 
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study of the retention of history in the 6th, 7th, and 8th grades. 
Carefully constructed tests were given at 4-month intervals after 
the completion of a given course. The retention curves, which run 
from 0 to 16 months, show the usual negatively accelerated form, but 
the absolute amounts of forgetting are much less than those of the 
classical studies of the foregetting of nonsense svllables and other 
disconnected material. After 16 months an average of only 28 per 
cent of the material had been lost. Interpretation of these results must 
take into consideration the fact that the tests were given to the same 
subjects after each interval and that during the meantime these sub- 
jects had been studying other courses in history with the resultant inhi- 
bition or facilitation which may have followed such study. Bassett’s 
data, however, represent well the facts for actual school conditions. 
Great care has been taken to render the material representative and 
trustworthy for these conditions. Another and similar investigation 
by Brooks and Bassett (20) with junior high school pupils yielded 
the same negatively accelerated retention curve and the same small 
absolute amounts of forgetting. In a year’s time, e.g., 23 per cent 
of the American history known at the close of the semester during 
which it was studied had been forgotten. Johnson (93) has com- 
puted the percentages of retention of elementary botany over periods 
of 3, 6 and 9 months and, by a less accurate method, after 15 and 27 
months. The negatively accelerated curve form appears, but the 
absolute amounts of forgetting are much larger than those obtained 
by Bassett and by Brooks and Bassett. The difference, over and 
above that intrinsic to the difference between the materials, may be 
explicable in terms of the fewer subjects and the less exactly com- 
parable and exhaustive retests available to Johnson. In a preliminary 
report, Worcester (180) describes an experiment designed to measure 
the retention of high school algebra. The initial results indicate high 
retention. 

Whitely and McGeoch (177) obtain a curve of retention for 
poetry which falls abruptly from immediate recall to recall after 30 
days and very gradually from that point te 120 days. The drop from 
30 to 90 days is insignificant. After 120 days 28 per cent of the 
amount originally recalled is still retained. Anderson and Jordan (1) 
have plotted retention curves for Latin words (paired-associates ) 
and phrases. Retests were made after one day, one, three and 
eight weeks. After one day the Latin stimulus words were given in 
the order in which learned; on later recalls they were presented in a 
changed order. Retention of words falls off irregularly from an im- 
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mediate recall of 74 per cent to one of 54 per cent after 8 weeks. 
Phrases fall correspondingly from 60 to 50 per cent. The nega- 
tively accelerated curve form holds throughout. Krueger’s (101) 
recall and saving records for the retention of lists of 12 monosyllabic 
nouns after 1, 2, 4, 7, 14 and 28 days present the customary negative 
acceleration, but the amount of forgetting and the sharpness of the 
deceleration vary inversely as the degree of learning. Griolet (63, 
64) attempts to show that forgetting is proportional to a root of the 
elapsed time. The particular index is dictated by the experimental 
conditions. 

There have been few reported cases of reminiscence, the striking 
inversion of the usual retention curves which Ballard made famous. 
Some evidence of the phenomenon has been obtained by Foster (48) 
who counted the number of words given on the first relearning 
repetition of stories but never given on any learning repetition. In- 
dividual differences appeared: a few subjects gave no new words, 
others gave many, one averaging 20.8. Bloor (12) is inclined to 
ascribe the reminiscence effect to subconscious activity, an ex- 
planation which must needs be given further systematic elaboration 
to be significant. 

The Influence of Interpolated Activity. The blocking of measur- 
able retention by interpolated activities has far-reaching implications 
for the understanding of forgetting, and one of the most urgent 
problems of this blocking effect is that of the influence of the 
similarity obtaining between the original and the interpolated activi- 
ties upon the amount of the inhibition. This has been studied by 
Harden (70) and by Cheng (26). The former takes her problem 
from the failure of Robinson’s (1927) results to conform to the 
hypothetical Skaggs-Robinson relation between similarity and degree 
of retroactive inhibition. This failure may have been due to the 
fact that Robinson employed consonants (similar materials) in both 
halves of his 8-member memory spans, at the same time varying 
degree of identity. While this method carries degree of similarity 
from identity downwards, it does not reach farther than something 
like a median degree, even with no consonant in common, because of 
the identity of the type of the material. Harden proposes to use 
consonants in the first half of the span and in the second a number 
of digits corresponding inversely to the degree of similarity desired, 
thus introducing non-identity of items and dissimilarity of material 
into the second half of the span. Thus in her experiment the 
greatest similarity between the two halves is attained by using dif- 
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ferent consonants in both, and the least similarity by using four 
digits in the second half. In the three intermediate degrees one, two 
and three digits are used. The factors of order, position and practice 
are controlled. The conditions of presentation are different from 
those of Robinson, but the implications of the results are perhaps 
little affected by this difference. The peicentage of correct recall 
declines from four items in common to one item in common and 
mounts sharply when there is no common item (assigned zero simi- 
larity). When the Robinson-Harden data are combined, a curve 
resembling in form the hypothetical relation appears save for the 
difference that the right section of the curve mounts sharply instead 
of flattening out. 

Cheng has approached in two experiments the problem of the 
influence of similarity, using nonsense syllables as both original and 
interpolated material and achieving three degrees of similarity by hav- 
ing the interpolated syllables related to the original syllables of cor- 
responding position to the extent of no common letters and one and 
two letters in common. In the first experiment the intra-syllable 
position of the common letters was varied to cover all positions. In 
the second experiment only certain intra-syllable positions were used. 
All interpolated conditions produced some retroactive inhibition, the 
degree of which varied with the experiment and with the method of 
measuring retention. Measured in terms of recall, retroaction at 
first increases and then decreases as degree of similarity increases 
from zero to two identical letters, while in terms of saving retroac- 
tion exhibits only a very slight tendency to decrease with increase in 
similarity. In the first experiment identity of the vowel had less 
retroactive effect than did identity of either consonant, and identity 
of the first and last letters had less effect than did identity of the two 
first or the two last, which are about equal in effect. 

The evidence in favor of similarity as one of the conditions of 
retroaction is accumulating, as is support for the general correctness 
of the Skaggs-Robinson hypothetical curve under certain specified 
conditions. The experimental work of the last few years has carried 
the problem well beyond the speculations of the early investigations, 
but we are still far from the point at which a satisfactory generaliza- 
tion can be made. Experimenters have worked, perforce, with 
narrowly specified kinds of similarity in arbitrarily defined degrees. 
In the work reviewed, for example, Cheng has kept within the circle 
of identical letters in 3-letter syllables, that is, within a narrow 
range of formal identity. Harden, extending Robinson’s technique, 
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has retained a certain kind of formal identity but has moved beyond 
a single continuum of material, and has thereby raised puzzling 
theoretical questions. She would designate the series BLF P7469, e.g., 
as one in which the similarity between the two halves of the span is 
zero, and the series BLFPXCJD as one of maximum similarity be- 
cause of the continuity of the type of material. Actually, of course, 
the quantitative relation between the two degrees of similarity is 
unknown, and to plot similarity thus defined in the same continuum 
of material, though really passing in the middle from one continuum 
to another, is an arbitrary procedure. Harden is, of course, aware of 
this fact and can appeal to the rational extension of the Robinson 
curve which her results provide. It is both remarkable and important 
that so clear a continuity of results emerges from so arbitrary a 
definition of similarity, and further explorations of other kinds and 
degrees of similarity may permit eventually a generalization. 
Jenkins and Dallenbach published in 1924 the results of an 
important inquiry into the relative amounts of forgetting after sleep 
and after waking. Forgetting after sleep was much less with all 
intervals and decreased as the intervals lengthened from 1 to 8 hours. 
This fact points to the interpolated activity of the waking hours as 
a blocking factor. Dahl (37) has repeated the Jenkins and Dallen- 
bach experiment with 14 subjects, using 12-item lists of nonsense 
syllables and of figures and testing retention by the recognition 
method. The sleep condition is consistently better when only errors 
in the form of failures to recognize are considered; it is superior 
only after 4 and 8 hours (not after 1 and 2) when errors in the form 
of recognizing new material falsely, and total errors, are counted. 
The facts corroborate, in the main, the results of Jenkins and 
Dallenbach, but Dahl refuses to interpret poorer recall after waking 
as a case of retroactive inhibition. He thinks that the results say 
nothing about what happened to the material during sleep or during 
waking, but are rather a function of the subject’s condition at the 
time of recall. After one and two hours of sleep the subjects were 
very sleepy and in no condition to recognize clearly, hence they did 
somewhat worse (in that they wrongly recognized confusion ma- 
terials) than after waking. After longer periods of sleep they were 
in better condition and did better than after corresponding periods 
of waking. That there was some difference in the subject’s condi- 
tion after the different intervals is taken to be indicated by the fact 
that the tendency to give more ‘ yes’ answers after sleep than after 
waking was much greater after 1 and 2 than after 4 and 8 hours. 
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If we consider only Dahl’s results, there is no way of adjudicating 
the retroaction vs. condition-at-the-time-of-measurement issue. 
When, however, it is remembered that the Jenkins and Dallenbach 
subjects would, when awakened by the experimenter, go to the next 
room, recall in a very sleepy condition, return to bed, and be unable 
to remember anything of the experience the next morning, it seems 
hardly likely that there was a greater ‘fitness’ for recall after the 
sleep intervals. These subjects recalled, also, under a more exacting 
method than did Dahl’s. Spight’s (160) evidence for more effective 
completion of learning after a period, the major part of which was 
spent in sleep, than after an equal period of waking, agrees factually 
with the findings both of Dahl and Jenkins and of Dallenbach. Since 
her subjects did not resume the learning until some time after waking, 
the results can not be interpreted as the outcome of any immediate 
condition attendant upon being awakened, although the general fitness 
may have been greater. The considerations mentioned above, to- 
gether with the coherence of these facts with those concerning inhi- 
bition, create a presupposition in favor of the interpretation of the 
better retention after sleep as an outcome of decreased blocking by 
interpolated activity. 

McGeoch (122) has studied the extent to which retroactive inhi- 
bition is a function of the degree of learning of the interpolated 
material. Nine-syllable lists were learned by the anticipation method 
to 6, 11, 16, 21 and 26 repetitions, and a constant interpolation of 11 
repetitions of a list of equal length was used. In terms of recall, the 
relative amount of retroaction varies inversely as the number of 
presentations given to the original material. With as many as 26 
presentations, and the resulting high degree of overlearning, there is 
an inhibition of 46.2 per cent. When retention is measured by the 
saving method, relative retroaction again varies inversely as the 
number of repetitions, but the curve of inhibition plotted against 
repetitions shows a marked negative acceleration, falling from 108.5 
per cent at 6 presentations to 5.3 per cent at 26 presentations. Thus 
by both methods of measurement retroaction decreases as learning 
increases, but the amount of the decrease is a function of the method, 
recall being much the more susceptible to inhibition. 

Foucault’s (49) interpretation of certain aspects of the serial 
position curve in terms of retroactive inhibition has already been 
discussed. Gibson (55) makes incidental mention of the same 
phenomenon. His subjects complained that as each succeeding figure 
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of a list appeared it ‘ blotted out’ the preceding figure, until at the 
end only the last one or two could be remembered. 

The Influence of Degree of Learning. This problem has taken on 
renewed importance from the recent discussions of the general impor- 
tance of frequency for both learning and retention. Krueger (101) 
has made an important study of the influence upon retention after 
1, 2, 4, 7, 14 and 28 days of degrees of learning represented by the 
percentages 100, 150 and 200. Lists of 12 monosyllabic nouns were 
learned and relearned by a form of the anticipation method. As 
degree of learning increases from 100 to 150 per cent, there is nearly 
a 50 per cent decrease in retention after an interval of one day, and 
as the interval between learning and relearning increases the relative 
advantage of the greater degree of learning increases. As degree of 
learning increases from 150 to 200 per cent, the corresponding 
increment in retention is usually less than one-third, and the propor- 
tion bears no consistent relation to length of interval. In general his 
work shows that overlearning of at least 50 per cent is highly eco- 
nomical for retention over intervals up to 28 days, and that the larger 
the interval the greater is the economy. Further degrees of over- 
learning are uneconomical for most intervals. It should be noted that 
Krueger’s results contradict those of Luh (1922), a fact which may 
be due to differences in experimental conditions. 

Ebbinghaus concluded that each repetition after learning to the 
threshold has been accomplished has approximately an equal effect 
upon retention, in that each addition of three learning repetitions 
means one repetition saved in relearning. Cuff (34,35) has called 
this conclusion in question. He had groups of college students learn 
12-item lists of consonants, digits and syllables, then take either 4, 16, 
or 28 additional repetitions, and relearn after 24 hours. The results 
exhibit no definite relation between additional repetitions and saving. 
Overlearning may aid, hinder or have no effect upon retention. It 
cannot, however, be conciuded that the traditionally quoted conclusion 
of Ebbinghaus’ is completely overthrown, since the conditions of the 
two experiments are in several ways widely divergent. 

The Nature of the Material. It is an often-repeated generaliza- 
tion in discussions of retention that acts of skill are much better 
retained than are memorial materials. McGeoch and Melton (124) 
have examined the literature upon which this generalization is, pre- 
sumably, based and have found numerous exceptions. They have 
then compared the retention values, after a seven-day interval, of three 
mazes of varying degrees of difficulty and nonsense syllables in lists 
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of 8, 12 and 16, when each maze and each list is learned to a criterion 
of one perfect repetition and relearned to a criterion of three succes- 
sive perfect trials. The relative retention values of the two materials 
are functions of the particular maze and syllable list compared, of the 
method by which retention is measured, and of the relearning cri- 
terion employed. In terms of trials the syllable lists are unequivocally 
superior. In terms of time and errors the mazes excel in a majority 
of the comparisons, although in terms of both scores at least one 
syllable list is equal to or better than at least one maze. Further, 
when the mazes are superior, the amount of their superiority is by 
no means as great as that usually assigned to motor skills. The only 
very large difference in retention values occurs with the criterion of 
trials, where the syllables greatly excel the mazes. The difference 
between these results and those showing relatively higher retention 
for acts of skill is interpreted to lie in the factor of degree of learning. 

Different kinds of historical knowledge have different rates of 
forgetting (Bassett,4). Knowledge which is concrete and personal 
tends to be well remembered. Names and geographical locations are 
forgotten rapidly. Anderson and Jordan (1) find that the closer the 
formal relations between Latin words and their English equivalents 
the better the retention. In point also are the experiments reviewed 
under the curve of retention. Although comparisons of the retention 
values of different materials, when such values are derived under 
varying conditions, can have suggestive importance only, it seems that 
logically connected subject matter, such as history, botany and poetry, 
is better retained than memorial materials have often been thought 
to be. 

Affective Tone and Retention. Meltzer (125) has summarized in 
tabular form 26 experimental papers on this problem and has criti- 
cized them briefly. The major shortcomings are: (A) too few sub- 
jects; (B) unreliable method-questionnaire; (C) conditions too 
narrowly restricted and insufficiently life-like; (D) unwarranted 
assumptions tacitly made, such as the assumption that the subjects 
have experienced equal numbers of pleasant and unpleasant activities ; 
and (E) forced or unwarranted interpretations of results. He 
suggests that the problem should not be stated in terms of the influ- 
ence of feeling upon memory, but rather in terms of correlation. 

Data regarding the earliest childhood memories of both adults 
and children have been collected by Blonsky (11) and regarding 
those of adults by Gordon (58). The content of the memories of 
Blonsky’s subjects was preponderantly unpleasant, and the older the 
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memories the greater the tendency for them to be unpleasant. Mis- 
fortune turns out to be the weightiest mnemonic factor. Upon 
reading Blonsky’s paper one wonders if the content of the memories 
of persons in other parts of the world would agree with those of the 
inhabitants of Moscow; the factor of the experiential ratio of 
pleasant to unpleasant experiences must always be considered. 
Blonsky’s conclusions find, however, emphatic support in Gordon’s 
canvass of 750 students, which revealed that unpleasant memories 
bulk largest for both men and women. Neither study lends support 
to the Freudian doctrine of the repression of the unpleasant, although 
neither, as it stands, can be taken as a denial thereof. 

Jones (94) offers a criticism of Smith’s (The Measurement of 
Emotion) work, and repeats it with certain words and extends it. 
The mean galvanometric deflections obtained by Smith and by Jones 
correlate highly and agree in the placement of the highest and lowest 
words. The memory values for critical and non-critical words lead 
Jones to suggest a theory of the bidirectional influence of emotional 
tone upon memory. Increased emotional intensity may affect learning 
either favorably or adversely, depending upon whether the emotion 
is ‘positive’ or ‘negative.’ Words which had been evaluated for 
affective tone on a 5-point scale by 150 students were learned by 20 
girls for Chaney and Lauer (25). Pleasant, unpleasant and neutral 
words were recalled about equally, and all were slightly inferior to 
the mixed lists. Selz (152) believes that there is a positive relation 
between pupils’ liking for a subject and their recall thereof, but the 
experimental conditions are not clean-cut. Cuff (35) reports a slight 
tendency for subjects with the lowest affectivity and idiosyncrasy 
scores on the Pressey X-O Tests to have the largest percentages of 
saving. Guiraud (66) speaks of the induction, in abnormal states, of 
series of recollections under the influence of an affective tendency. 

Repeated Reproduction. Departing from a critical examination 
of Wulf’s (1922) study of ideational change, Gibson (55) analyzes 
reproduction of geometrical forms at successive sittings and after 
periods of five weeks and a year. The reproduction of a visually 
perceived form is frequently changed in the direction of a familiar 
associated object, and the reproduction of one figure may be changed 
in the direction of another figure if the two have been associated in 
consciousness. Gaps or breaks in the contour are partially or wholly 
closed up in reproduction, or else the figure ‘ falls apart ’ into separate 
units. These facts are interpreted as evidence for the existence of 
perceptual habits. Reproductive change depends upon the manner 
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of apprehension. Zillig (182) asked from her subjects written 
reports on an event immediately after its occurrence, on the next day, 
and after a week. She divides the subjects into three types with 
respect to their behavior on successive reproductions: (A) the con- 
stant type which reports repeatedly in the same manner; (B) the 
variable type which alters its reports on successive occasions; and 
(C) the intermittent type which varies its report from correctness to 
incorrectness. 

Studies of Post-hypnotic Function. Strickler (165) has experi- 
mented systematically upon the forgetting of geometrical character- 
nonsense syllable paired-associates learned in the hypnotic trance and 
in the normal waking condition. Four subjects who showed complete 
waking amnesia for trance events were used. The net recall amnesia 
for the associates is about 80 per cent complete, while the post- 
hypnotic relearning amnesia is only about 50 per cent complete. In 
spite of excess total learning in the trance series, material thus 
learned suffers nearly twice as great a deterioration as does normally 
learned material, after a lapse of twenty-four hours. Kellogg (97) 
has measured the duration of the post-hypnotic suggestion that the 
respiration rate be varied in a certain way. The same suggestions 
are given to a normal group and are not significantly forgotten by 
them, while in the case of the hypnotized subjects the influence of the 
suggestion decreases during the first three weeks. 

Testimony. There have been several papers and one book 
devoted to the general problem of testimony. Tesoro (166) gives a 
somewhat popular description of the factors of importance in evalu- 
ating testimony, and Claparéde (29) discusses unreliable testimony. 
Gorphe (59) analyzes the conditions which must be taken into account 
in the education of ability to report. Révész (142) and Buse- 
mann (22) report cases illustrative of the unreliability of children’s 
testimony upon sexual matters, and Plaut (139) examines in some 
detail what can be expected from the testimony of young psychopaths. 
The same writer (138) emphasizes the need for a study of the 
psychological conditions of the testimony of adults. Selz (153) and 
Kafka (96) report cases. Other studies of the ability to report have 
been reviewed in connection with specific problems. 

Miscellaneous. Under this heading will be reviewed topics upon 
which but a single paper has appeared or upon which the results per- 
mit brief statement. (A) Correlations Between Learning and Reten- 
tion. The correlations between initial history tests and tests after 
4, 8, 12 and 16 months are high, 0.797 and 0.840 (Bassett, 4). 
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This is corroborated by Brooks and Bassett (20). Anderson and 
Jordan (1) obtain coefficients of 0.75 and 0.79 between immediate 
and delayed recalls of paired-associates after 3 and 8 weeks, respec- 
tively, and Johnson (93) reports r.s of 0.52 and 0.67 between the 
amount of botany known at the completion of the course and relative 
retention. (B) Correlations Between Retention and Other Factors. 
Bassett (4,6) gives extensive tables of coefficients of correlation 
between the retention of history and other factors. Their nature can 
only be indicated here. Subject preference, interest and effort, and 
reading comprehension, e.g., correlate positively with retention. 
Anderson and Jordan (1) report that immediate recall and recall after 
eight weeks correlate 0.46 with silent reading and 0.20 with word 
knowledge, and Bassett (4) finds MA and retention positively related. 

(C) Distribution and Retention. Clark (31) has demonstrated 
that, for the retention of sonnets, duration of learning periods has 
more influence than duration of rest intervals, and that study periods 
decreasing in geometric progression, when compared with intervals 
of equal length, will reduce considerably the rate of forgetting. 
(D) Sensory Modality and Method of Presentation. Vértes (172) 
compared the memory of deaf-mutes and normal children, finding the 
deaf-mutes superior with words designated by touch images and 
inferior in words depending upon audition. There is no great differ- 
ence in memory for things. In the Tilton and Knowlton (169) study 
of the effect of photoplays, the experimental group retained more of 
relation, person, and place knowledge, and less of time knowledge, 
than the control. In Greene’s (62) comparison, lectures resulted in 
better retention than did reading; while the three methods of presen- 
tation compared by Johnson (92) are roughly equal. 

(E) The Influence of Age. The data published by Thorndike 
and his associates (167) make it doubtful if forgetting is greater in 
the later than in the earlier adult years. Bassett (4) records a nega- 
tive correlation between CA and retention. (F) Infantile Memories. 
Hadfield (67,68) contends that memories of infantile experiences 
can be accurately revived and discusses the reasons for this contention 
and some of the errors likely to arise in the interpretation of such 
memories. The average ages at which the earliest memories of 
Gordon’s (58) subjects are dated vary from 3.5 to 3.79, and 
Blonsky (11) gives 4.2 as the corresponding figure for his adults. 
The mean age of earliest memory for his subjects aged eleven to 
twelve is, however,. 2.5. Some members of each group have 
memories which are referred to the first year of life. (G) The 
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Influence of Unrecalled Material. Campos and Radecki (23) and 
Radecka and Radecki (140) present evidence which they interpret to 
mean that ‘ forgotten’ words may, nevertheless, influence voluntary 
associations, while having little influence upon free associations. 
(H) Sex Differences. After all intervals up to sixteen months, boys 
are slightly superior to girls in history retention (Bassett,5). This 
superiority seems, however, to be a function of the material. The 
boys excel in knowledge about war and fighting and geographical 
places ; the girls are superior in history treating of domestic relations 
and home life. 

(1) Rhythm. Rhythmically learned material is retained con- 
siderably better than material of which the rhythm had been broken 
during learning (Elkin,41). (J) Recognition and Confidence. 
Seward (155) sought to determine the extent to which speed of 
redintegrative response serves as an index of confidence. Whether 
positive or negative, the more accurate response is quicker and more 
confident than the inaccurate. When two responses are equally 
accurate, the negative is the faster and the more confident. Recog- 
nition time and confidence are not, however, sufficiently correlated to 
permit the use of the former as a measure of the latter. Jersild’s (91) 
data indicate that confidence regarding true-false answers is a per- 
sonal factor which is relatively constant, but which is no guarantee of 
the accuracy of the performance. (K) The Influence of Attention. 
With the transition from immediate to delayed measures of retention, 
the differences between discrete and total attention become neutral- 
ized (Meyer, 126). (L) Tonal Memory. Konig (99) reports that 
wide differences exist in tonal memory functions corresponding to dif- 
ferences in musical training. The trained may excel by large amounts. 
(M) Errors in Reproduction. Maity (112) puts forward the thesis 
that errors in reproduction are important for the study of the mental 
characteristics of learners, and makes an analysis of such errors. 
The two major types are lapses and perseverations of wrong items, 
both of which are made by poor learners much oftener than by those 
who are good learners. (N) Cure of an Amnesic Case. Tucker and 
Shield (170) describe the case of a man who had had several amnesic 
periods with a complete change of personality. An operative cerebral 
decompression was followed by a long period of normality. 


III. GENERAL 


Historical. The three histories of psychology published during 
the last two years contain valuable discussions of early work on 
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memory. Boring’s (15) masterly volume, the quality of which any 
science could be proud to have to its credit, has a wealth of material 
for him who would understand the historical development of experi- 
mental research upon memory. Specifically in point are his sections 
on Ebbinghaus and on G. E. Miiller; but no specific enumeration can 
do justice to the magnificent perspective in which Boring has mar- 
shaled the problems of experimental psychology, memory among 
them. Murphy (128) has a good chapter devoted to “ Early Studies 
of Memory,” in which Ebbinghaus receives the lion’s share. That 
psychologist’s subjection of learning and forgetting to quantitative 
treatment is evaluated as “ probably the greatest triumph of original 
genius in experimental psychology since Weber,” an interpretation 
which Langfeld (see 128) styles “a bit strong.” References to work 
on memory occur frequently in Pillsbury’s (137) History, Ebbing- 
haus and Miller again being given major treatment. 

General Textbook Chapters. No attempt will be made to present 
under this caption a review of the chapters on memory in all of the 
textbooks published during the period of this review. Such an 
attempt would have to include texts in educational and applied, as 
well as in general, psychology and would run into more pages than 
should be given to brief accounts intended primarily for beginning 
students. A few books, however, present new points of view which 
demand special mention. Some of these will be treated also in the 
following section on contributions to theory. To the extent that the 
redintegrative paradigm is both a fact of nature and the framework 
(as well as most of the structure) of learning, Hollingworth’s (77) 
whole book is based on and permeated with the principles of learning 
and memory, a mode of treatment which is one of the first overtly to 
recognize the systematic pervasiveness and generality of the concept 
of learning. His specific treatment of memory is stimulating and 
unique. Against the background of a configurational point of view, 
under the aegis of “ least action,” Wheeler (176) devotes three chap- 
ters to an account of learning in which there is much that is both 
new and important. Dashiell (38) gives less space to memory, but 
makes a thoroughgoing effort to give it objective status. Each of 
these three authors introduces new material, cites contemporary 
experiments, reinterprets old ones, and departs refreshingly from 
the hackneyed recitation of traditional facts into which textbook 
writers have sometimes fallen. 

Books and Pamphlets. Bode’s (13) Conflicting Psychologies of 
Learning particularly concerns itself with the implications for educa- 
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tion of various theories of mind. It has little or nothing to do with 
theories of learning in the technical sense, but deals rather with the 
wider context which determines the framework within which the 
specific theories of learning must be framed. The chapters on asso- 
ciation and reproduction in Kohler’s (98) Gestalt Psychology are 
critical analyses of prevailing viewpoints and constructive presenta- 
tions of the Gestalt interpretations. The whole book provides the 
setting for a new theory of memory. 

In a book which, though elementary, has the merit of both critical 
acquaintance with the historical and systematic relationships of 
memory and of fluid and engaging style, Janet (87) has set forth the 
relations between memory and time. The end of memory is to 
triumph over time and absence, which in themselves are prior to 
memory. Repeated use is made of illustrations and principles from 
the data of mental abnormality. 

Burton (21) writes a general text for normal school and college 
students, and Wiley (178) lists in pamphlet form some ‘ practical ’ 
suggestions to students. Crawford’s (32) survey of student opinion 
and of student activities has considerable practical significance. 
Markey (113) reviews work on the acquisition of symbols, which 
lies on the borderland between memory and skill. Forsberg (47) has 
surveyed some of the literature on memory and has presented experi- 
ments and conclusions of his own regarding the problems of under- 
standing, learning and memory. Emphasis is placed on a study of 
‘natural ’ learning. 

General Surveys of Learning and Retention. In Murchison’s 
The Foundations of Experimental Psychology appear two chapters 
on learning which are of the first order of excellence. Lashley (103) 
surveys the nervous mechanisms involved in learning and treats of 
the phylogenetic development of learning capacity, the relation 
between learning and neural structure, the nature of central integra- 
tion and the major “laws of learning.” Hunter (82) writes on 
experimental studies of learning and summarizes the existent data 
upon the active problems of learning and retention. Both chapters 
include, also, work on the acquisition of skill and, to some extent, 
upon animals. In each the emphasis is on experimental fact only. 
Each author organizes and interprets critically and clearly. In Robin- 
son and Robinson, Readings in General Psychology, McGeoch (123) 
has written a section on experimental studies of memory. He has 
also described (118) some of the major conditions of human 
forgetting. 
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Skaggs (157) offers a systematic classification of inhibition at the 
descriptive and psychological level. Voluntary inhibition may be of 
images or ideas, sense-presentations or of motor activity. Involun- 
tary or passive inhibition has four varieties: (A) that operative at 
the time of learning, including associative, retroactive and affective 
inhibition ; (B) that operative during recall, which may be cognitive 
or affective; (C) sensory inhibition, including attention-inhibition 
and reciprocal sensory inhibition; and (D) motor inhibition, as when 
a stimulus stops a movement. Retroactive inhibition and retrograde 
amnesia are held not to be the same. 

Three papers on psychology and the law of evidence have been 
written by Hutchins and Slesinger (83, 84,85) in order to make 
explicit the psychological assumptions of the law and to apply criti- 
cally the data of modern psychology. In each paper certain assump- 
tions and practices are evaluated in terms of the experimental facts 
upon memory, among others. The psychological sophistication 
exhibited in these papers marks a notable advance over the older slip- 
shod acceptances and uninformed polemics which have so often 
attended efforts to apply the data of experimental work in psychology 
to an evaluation of testimony. 


IV. THEORETICAL 


The Nature of Learning. The theoretical treatments of this 
problem are, for the most part, sharply sundered by the insight vs. 
frequency issue in some of its forms. For Kohler (98) organization 
must be accepted as an original aspect of experience; association is 
but an after-effect of this organization. Contiguity is discarded on 
the ground that the law takes no account of the properties by virtue 
of which the contiguous events are associated. Such a statement has 
no counterpart in physics or chemistry. For him, “. . . neighbor- 
hood in space and time influences association only insofar as it deter- 
mines organization,” and the latter is either spontaneously present or 
may be created intentionally. A list of syllables, ¢.g., is not learned 
because of the successive contiguity, but because the subject creates 
an organization intentionally. Such learning is unnatural, for in 
most of the acquisitions of everyday life organization is spontaneous. 
This view of learning is an antidote to the supposedly-current 
atomism, but for explanatory power it rests too heavily upon its 
postulates. In all cases where spontaneous organization occurs there 
is no need for learning, since it is already there as a given, and only 
retention remains a problem. Where organization must be inten- 
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tionally created learning enters, but here nothing is said regarding the 
properties of either situation or learner which render such creation 
possible. Surely one can demand as validly that these properties be 
specified as can Kohler that the law of contiguity define those of 
contiguously associated items A and B. Either type of organization, 
spontaneous or natural, must be accepted with natural piety wherever 
found, in which case the whole of memorizing either rests on a 
postulate or else the properties whereby in particular cases organi- 
zation is possible must be specified. These criticisms do not, of 
course, apply on the level of the phenomenal description of mental 
life at any given moment, but only to the systematic interpretation of 
the flow of events. 

A majority of Wheeler’s (176) treatment applies more directly to 
the learning of motor acts than to the acquisition of memorial 
materials, although he clearly intends to apply the same principles to 
both. He regards learning as “ behavior in terms of which the indi- 
vidual extends his insight into a given situation and increases the 
complexity of his actions with respect to a certain goal. When 
memorizing has occurred, one does not use fewer cues (cf. Holling- 
worth), instead he uses more, but they may have changed from the 
easily detected to the difficult to observe, and will have become better 
organized. Further, we do not learn by experience, unless we have 
“ sufficient insight into the experience to profit by it, in which case it 
is the insight into the experience which measures progress, not the 
experience into which one has insight.” Repetition is valuable only 
in so far as it induces maturation. Frequency “bears the same - 
relation to maturation and learning that time bears to growth.” 
Stimulus-pattern and maturation are the major factors in learning. 

Much more would need to be said about this, as well as about the 
other points of view described in this section, to give a well-rounded 
picture; and far more would have to be said than can be written here 
if a fair attempt at evaluation were to be made. Briefly, however, 
Wheeler’s insistence that insight is basic and that maturation, not 
frequency, is of importance, places the burden of learning outside 
of the range of antecedently operating principles and properties. It 
takes the developed insight as final, when insight is description after 
the fact; and it depends on maturation when such maturation is, in 
a majority of the experiments upon memory, hypothetical at best. 

The learning of the relation of opposition by children aged 5.0 to 
7.6 years has been studied by Kreezer and Dallenbach (100) and has 
yielded results which bear directly upon this problem. No subject 
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learned the relation gradually; it came suddenly with the acquisition 
of ‘insight,’ and once learned was not forgotten. The subjects 
learned the relation as such and not as a specific response. The 
existence of this type of learning is cited as evidence of the 
inadequacy of trial-and-error theories. The law of exercise, even 
though eked out by assimilation, is interpreted to be futile, as is 
recency, to explain the results. Frequency, recency and assimilation 
should have led to a continuation of the wrong response, and neither 
can have anything directly to do with the sudden appearance of the 
correct response. This experiment constitutes a striking example of 
sudden learning of the insightful variety, but the authors offer insight 
as a description, not as an explanation. 

The experimental results of Kreezer and Dallenbach offer one 
reply to certain of Lund’s (110) criticisms of the Gestalt insistence 
that learning proceeds, not by trial-and-error and the gradual selec- 
tion of correct adjustments from random movements, but by sudden 
insight. Lund puts forward four criticisms: (A) it is a question 
whether sudden drops in the learning curve are typical; (B) even in 
Kohler’s report of the learning of apes, some gradual perfecting 
appeared; the apes did not sit and deliberate until ‘insight’ came; 
(C) such insight as appears may be a case of transfer from previous 
acquisitions through trial-and-error; and (D) Kohler’s preferred 
illustrations of sudden insight are cases in which the right act either 
does or does not occur. Without aiming at an evaluation of the two 
theoretical positions involved, it may be pointed out that the Kreezer 
and Dallenbach experiment presents one case in which there is no 
gradual acquisition, although in one form such would have been 
possible, and in which it is difficult to see how transfer of the kind 
described could have operated. Whether such learning is typical is 
another matter and one which research must decide. 

Consonant with Lund’s critique is a paper by Razran (141), who 
has examined nearly 200 original reports on the conditioned response 
and on negative adaptation and who presents them in a series of gen- 
eralizations. He raises the question whether the more complex forms 
of learning proceed according to the known principles of conditioning. 
He thinks that they can be interpreted thus: poem-reciting is “ ade- 
quately accounted for by proprioceptive and chained conditioning in 
which the response, or rather the proprioceptive part, of the first 
pattern becomes conditioned to the response of the second pattern, the 
response of the second to that of the third, and soon .. .” For 
Dashiell (38) the conditioned response is explicitly taken as “ the 
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type and the elementary complete unit of all learning,” but he is 
careful to state with equal explicitness that the situation is always 
more complex than the simple conditioned response paradigm makes 
it seem to be. To him, learning by insight is but learning to react to 
some highly specifi¢ element of a situation, “ but that element is still 
a stimulus, however refined; and learning to react to it and nothing 
else is still a coupling of a motor response to a sensory signal.” 
Herrick (75) likewise considers the conditioned response a funda- 
mental paradigm, and Leary (105) believes that the conditioned 
response will suffice to explain all learning. 

For Hollingworth (77) memorizing is the process of establishing 
the redintegrative effectiveness of subtle cues, the reduction of the 
requisite antecedent. The conditions favoring and retarding the rate 
of this reduction are well described, but one looks in vain for the 
principles or properties which render such reduction possible. That 
subtle cues come to stand for total patterns is clearly set forth; how 
they do, whether by frequency, by insight, or by some other factor, 
is not so clearly shown, although Hollingworth’s treatment points 
toward a frequency doctrine, eked out by other factors of the same 
order, rather than toward insight. 

In these accounts of learning, description of the completed event 
is mingled with interpretations of how that event came to its 
described completion. The former is a matter for experimental 
determination and is less directly open to dispute; the latter is more 
subject to interpretation in the light of theoretical considerations. 
However open to criticism the theoretical positions reviewed may 
seem to any particular reviewer to be, they are still significant and 
refreshing, and they amount to a rejuvenation of many problems of 
learning which were fast becoming sterile. This is achieved (A) by 
an attempt to envisage learning in a larger setting than that which it 
has usually been given in experimentation, and (B) by coordinating 
theories and facts of learning with a wider systematic structure. 

Theories of Memory. Experimentalists have generally concerned 
themselves very little with the nature of memory. Fortified by the 
ready analogy of the phonograph record it has been possible to satisfy 
untrained inquirers while remaining undisturbed by the puzzling 
nature of the real problem. In some of the recent writing, however, 
the problem of memory has begun to receive critical treatment. 
Hollingworth (77) points out that memory is not the reproduction 
or resurrection of the past. A past event is remembered only by 
encountering a new event which can serve as a surrogate for the past 
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event. Such symbols typically operate unreported. Memory is thus 
not a matter of storing, but an act of restoration in which new events 
assume old patterns or relations. The changes which time brings to 
‘ reproduced ’ content are largely the outcome of the loss of the cues 
which upon their first appearance were responses to the presented 
material. One wishes that Hollingworth had discussed the conditions 
which bring about the lapsing of the cues. Wheeler’s (176) proposed 
theory has several points in common with Hollingworth’s. Recall is 
not revival : “ it is an effort on the part of the individual to experience 
a situation as he perceived it before.” “. . . The difference 
between the responses to the earlier situation and the response to the 
situation partly repeated is the difference between original observation 
(perception) and memory.” Memory is constructed not from 
residues but from present sensory stimuli. Remembering is thus an 
incomplete process of perceiving, initiated by some of the stimuli 
which conditioned the original experience. Behind this view there 
lies a theory of traces, as we shall presently see. For Kohler (98) 
reproduction is a matter not of association but of the operation of a 
total field, and depends upon the fate of ‘traces.’ Dashiell (38) 
treats memory as one with habit which depends on an appropriate 
stimulus for elicitation. One finds in Janet’s (87) book a good 
critical survey of historical theories of memory and a well written 
exposition of the integral relation of memory and time. The former 
is a construct, peculiar to man, whereby he triumphs over time. 
Bousfield (16) devotes a short book to a critique of mechanical 
theories of memory and to the presentation of a view of his own. 
The defects in a theory such as that of Semon’s, e.g., are: (A) one 
can obtain no direct evidence of a permanent change in cerebral cells 
which might form the foundation of memory; and (B) it assumes a 
definite molecular regrouping to correspond differentially to every 
possible impression, and such a definite and mechanical pattern can 
take no account of the diverse ways in which the same meaning can 
be reproduced, thus making the fatal mistake of leaving meaning 
entirely out of account. He holds that the essential thing in memory 
is the meanings, the ideas, not the words or the engrams. He regards 
the cerebral cells as organs for transmission rather than for storing. 
The latter must, however, be done somewhere and he presents an 
hypothesis which assumes: (A) a psychic structure as the basis of 
memory, which (B) involves an immaterial organization which serves 
to integrate a complex of sensory stimuli. How sensations are 
transmuted into ideas and retained as meanings is unknown, but that 
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the meanings are the important factor and that their retention 
involves a non-material organization is the major issue. By such 
an hypothesis, he holds, the specific areas of forgetting which occur 
in hysteria, following injuries and the like, are much more easily 
explained than by an engram view, since it is hard to see how an 
injury could pick out all the engrams deposited during the past week 
or about a given logical or grammatical focus. Bousfield’s view has 
other points which will not be enumerated, but its chief characteristic 
is its attack upon mechanical theories of memory and its championing 
of retention as occurring in some immaterial form of organization 
which may be, he says, some form of modification of the ether. His 
criticisms are well put and are supported by contemporary work on 
cerebral function. His hypothesis will seem to most readers as some- 
what less parsimonious with assumptions than one would like. 

This attack upon the engram theory of memory leads to a review 
of the current statements about where and how ‘memories’ are 
stored. The first part of this section reviewed the descriptions of 
memory as an experienced mental event; this part will consider the 
‘traces ’ supposed to perdure from an experience to its remembering. 
The most frequently stated view is that experience leaves physical 
traces of some sort in the neurones of the cerebral cortex and that 
these traces are rearoused by stimuli similar to those of the original 
experience. Some of these theories are more sophisticated than 
others, of course. Learning is for Dashiell (38) a matter of synaptic 
change and retention a persistence of the altered synaptic condition. 
Bridges (17) subscribes to a neural view of memory. Learning is 
considered to be the formation of new bonds between neurones. 
Memory traces are not, however, effects in single cells but in the 
arrangement and relationship of cells. Traces are, for Herrick (75) 
structural alterations of brain tissue, but they are not passive. They 
are to be conceived as alterations of tensions which may react with 
one another at subconscious levels. This has some points in common 
with the Gestalt position that configurations are retained, not as 
specific traces, but as systems of stresses (Kohler, 98; Wheeler, 176). 
The effect of the eliciting stimulus is determined by its relation to the 
pattern of stresses functional at the time. The physiological stresses 
are not, of course, unchangeable impressions, but continually undergo 
change expressible in Gestalt laws. The two general tendencies are 
accentuating and leveling which have the common feature that both 
work toward the production of a ‘ better’ Gestalt. (See Gibson, 55, 
and Hsiao,81.) The points of view stated are typical of many 
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allusions to the mechanisms of retention. They have the common 
characteristic that all place the traces, which are assumed to be neces- 
sary, within the cortex. 

The outstanding exception to this interpretation, aside from the 
theory of Bousfield, is to be found in Hollingworth’s book. He deals 
with memory, as with all other mental events, without reference to 
the nervous system. All occur within the world of symbols, redinte- 
gratively operating, which is for him the world of mind. Memorial 
function takes its place within the continuum of natural events and 
no problem of mind-brain correlation exists. 

The general willingness to place memorial residues within the 
brain depends for its validity upon the use made of the ‘trace’ con- 
cept. If it is frankly an attempt to guess where the assumed neural 
counterparts of remembered events are to be found, and nothing else, 
it has at least the status of an interesting conjecture. If, however, as 
is often done, either explicitly or implicitly, the neural traces are 
fallen back upon for explanation of the experimental facts of 
memory, logicality vanishes. One can not validly explain a sequence 
of remembered events by a set of traces, whether static effects or 
fluid stresses, which are not even known to exist and which are con- 
structs made in the image of the memorial facts which they are then 
invoked to explain. 

The Problem of Temporal Reference. This problem has long 
been known to the philosopher, but the experimentalist has glibly 
taken it for granted. It is noteworthy that reference to it appears 
occasionally in contemporary writing, although a systematic discus- 
sion is lacking. Events, as Hollingworth sees them, are given appro- 
priate place in a system of report as they pass, and within this system 
they are symbolically placed according to their calendar notation. 
Likewise Bridges (17) writes: “the temporal reference of ideas is 
dependent upon their association with ideas of time such as calendar 
dates.” For Wheeler, behavior in recall has only a logical reference 
to the past, it means the past. These statements take cognizance of 
the problem; one would ‘i=: to see them elaborated. Janet’s whole 
book furnishes material of importance for this problem. 

Miscellaneous. Cathcart and Dawson (24) have demonstrated a 
phenomenon of the sare class as Hollingworth’s law of central 
tendency. When a subiect is asked to remember an antecedent 
stimulus and to adjust a succeeding one to an equal intensity, e.g., he 
does not go far enough toward the standard but accepts as equal a 
stimulus midway between his starting point and the standard. This 
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‘persistence’ factor they consider to be a general characteristic. 
Bloor (12) holds that forgetting does not mean that all traces have 
been lost. The trace of the forgotten fact endures subconsciously. 
Hosiasson (79) discusses forgetting and the subconscious. Clare- 
mont (30) recommends that memory be thought of after the analogy 
of the “ button ” of a searchlight beam, which can search within for 
records of consciousness. Masson-Oursel (116) discusses recall and 
retention as two techniques of memory, and Lindworsky (107) 
anwers the critics of the theory of reproduction enunciated in his 
Theoretischen Psychologie. Rosenow (146) holds that recall in 
apparently complete posthypnotic amnesia is a matter of restoring the 
subject’s original attitude of codperation with the experimenter. 
Ewald (43) would add to memorial plasticity what he considers a 
second and independent factor, viz., the size of complex which the 
learner is able to handle. The analogy between memory and heredity 
has been drawn again by MacBride (111) and by Crow (37). 
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NOTES AND NEWS 


Dr. Horace B. EnciisH has been appointed Professor of 
Psychology in the Ohio State University. Dr. Clarence Leuba, | 


Ki 
re 


Lecturer in Psychology at Bryn Mawr, has been appointed Associate © i 


Professor of Psychology at Antioch College. 


been appointed research professor of psychology for one year, and — 


Proressor Max F. Meyer, of the University of Missouri, has 4 


has been relieved from all his teaching and administrative duties. His : 
work will be concerned with methods of teaching the deaf and will | 
be carried on with the clinical facilities of the Central Institute for > 


the Deaf in St. Louis. 


Dr. A. T. PorrenBerGer, Columbia University, and Dr. Calvin — 
P. Stone, Stanford University, have been elected representatives of © 


the American Psychological Association on the Division of ae 
ogy and Psychology of the National Research Council. Dr. E. Sy 
Robinson, Yale University, has been elected a member-at-large. 


Mr. C. W. Mason, M.A., Buffalo, 1930, and Mr. A. W. Melton "4 


M.A., Yale, 1929, have been appointed Research Associates of t 


American Association of Museums. The former will serve as acting? 


staff psychologist of the Buffalo Museum of Science, and the lattery 
will serve similarly at the Pennsylvania Museum in Philadelphi ‘ 
These appointments have been made in connection with a two-yeaf 


research program of the American Association of Museums. 
grant for this work was recently made by the Carnegie Corporation 


Dr. HELEN THompson Woo ey, professor of education am 
director of the Child Development Institute of Teachers Colleg 


Columbia University, has presented her resignation to take effect om 


September 1. 


At Yale University, Dr. Mark A. May has been appointed dire 
tor of the statistical bureau of the Institute of Human Relations, 
Professor Walter R. Miles and Dr. Catherine Cox Miles of Stanfot 
University have been appointed research associates in psychiatry ai 


psychology for one year. 
Dr. Hutsey Cason has accepted appointment as professor @ 
psychology in the University of Wisconsin. a 
Dr. Paut L. Boynton has been appointed professor in ft 
George Peabody College for Teachers, 4 
564 
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